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Abstract. A subspecies of egg-eating snake, Dasypeltis scabra loveridgei Mertens, 1954, from Namibia, has been con- 
sidered a junior synonym of Dasypeltis scabra (Linnaeus, 1758) by most authors since 1983. A detailed morphological 
analysis of 153 preserved museum specimens from Namibia was conducted in order to re-evaluate the taxonomic status 
of egg-eaters in the country. Two distinct morphotypes, ‘scabra’ and ‘loveridgei’, were identified. In Namibia, Dasypeltis 
loveridgei is typically distinguished from D. scabra as follows: mid-dorsal saddles in the form of dark brown hourglass- 
shaped markings (versus quadrants, ovals or irregular shapes); belly with a single row of dark markings at the edges (ver- 
sus 2—3 rows or heavily marked); six supralabials on either side of head, 2™ and 3" in contact with the orbital (versus 7 
[3,4]); internasals longer (versus shorter) than the prefrontals; top of rostral barely visible when head is viewed from above 
(versus clearly visible); frontal often smooth to moderately pitted (versus usually largely to extensively pitted); inter-pref- 
rontal sulcus weakly marked or moderate (versus often deep and distinct). Dasypeltis scabra occurs in central and north- 
eastern Namibia, with a single record in the south-west which may be associated with populations in the Northern Cape 
Province of South Africa; D. Joveridgei, which is here shown to be a valid species, is widespread in the country, excluding 
the north-east, but largely restricted to areas above 1000 maz.s.l. The two species are sympatric at a few localities in central 
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Namibia, and parapatric in several areas throughout the country. 
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INTRODUCTION 


The 17 recognised species of egg-eating snakes, Dasypel- 
tis Wagler, 1830, are widely distributed in Africa (exclud- 
ing most of the Sahara) — including isolated populations 
at Fayum in Egypt, in Morocco and Western Sahara, and 
in Sudan — and in the western parts of the Arabian Pen- 
insula (Bates & Broadley 2018; Escoriza 2012; Gans 
1959, 1964; Saleh & Sarhan 2016; Trape & Mané 2006; 
Trape et al. 2012, 2021; Uetz et al. 2022). Currently, most 
authors recognise only three species in southern Africa, 
namely Dasypeltis scabra (Linnaeus, 1758), Dasypeltis 
inornata A. Smith, 1849, and Dasypeltis medici (Bian- 
coni, 1859) (Bates et al. 2014; Branch 1998; Broadley 
1990; Marais 2004, 2022), with only D. scabra recorded 
from Namibia. 

Werner (1902) examined material from Windhoek and 
was the first author to note that in Namibia, Dasypeltis 
may have a similar dorsal pattern to that of the dwarf 
adder Bitis caudalis (A. Smith, 1839). Sternfeld (1908, 
1910a—c) discussed the colour pattern of such Namibian 
egg-eaters in more detail and considered them to be mim- 
ics of B. caudalis. More than forty years later, Mertens 
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(1954) described Dasypeltis scabra loveridgei based on a 
series of 10 specimens from central Namibia. He differ- 
entiated it from typical D. scabra by the hourglass-shaped 
dorsal markings along the middle of the back (similar to 
B. caudalis), and also suggested that it had greater num- 
bers of ventral scales (212—218 in males, 225—230 in fe- 
males). 

In his revision of the genus Dasypeltis, Gans (1959) 
examined the paratypes of D. s. Joveridgei and acknowl- 
edged their distinctive dorsal markings, referring to this 
pattern as ‘6N’. He added that high frequencies of the 
supralabial formula 6 [2,3] (1.e., six supralabials on either 
side of head, with 2" and 3™ in contact with the orbital) 
occurred in southern Namibia, but that this became less 
common progressively northwards in the country. Gans 
(1959) also noted that ventral counts for “loveridgei’ were 
included within the range of variation of D. scabra, and 
he therefore referred D. s. loveridgei to its synonymy. 

FitzSimons (1962) subsequently recognised D. s. /ove- 
ridgei from the central highlands of Namibia (his record 
for Tsumkwe in the north-east is referable to D. scabra, 
see below) and noted that although it was indistinguish- 
able from D. s. scabra in southern Africa with regards 
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to scalation, it differed markedly in terms of its co- 
lour pattern, most especially its possession of 42—54 
hourglass-shaped markings on the back from nape to 
vent (usually squarish to rhomboical markings in D. s. 
scabra), with rectangular markings on the flanks (usually 
irregular vertical bars or stripes in D. s. scabra), and uni- 
formly white underparts (often with dark spots in D. s. 
scabra). He also noted that D. s. loveridgei was appar- 
ently a smaller form, the longest known specimen mea- 
suring 663 mm in total length (585 mm snout-to-vent + 
78 mm tail length); and that it had been suggested that (p. 
180) “...tail length [of /overidgei] is on average shorter 
than in typical scabra, but this is open to some doubt and 
remains to be proved by measurements of a long series 
of correctly sexed specimens.” FitzSimons (1962, 1966, 
1970, 1974) did in fact, apart from colour pattern, use 
relative tail length to separate the two subspecies, L.e., 
total length/tail length: 5.3—6.8 in D. s. scabra and >7 in 
D. s. loveridgei. 

For his revision of FitzSimons’ Snakes of Southern 
Africa, Broadley (1983) examined 56 specimens of Da- 
sypeltis from Namibia. He noted that specimens with the 
‘loveridgei’ pattern and those with a pattern intermediate 
between this and the typical D. scabra pattern varied con- 
siderably with regards to colour pattern, ground colour 
(between the dark markings), ventral counts, subcaudal 
counts, and upper labial formula (see below), but “there 
was no correlation between these characters” (p. 265). 
He added that: “Recognition of D. scabra loveridgei as 
a formal subspecies is not justified, it is better treated as 
a colour phase, apparently developed in mimicry of Bitis 
caudalis.” 

As part of a revision of the genus Dasypeltis in the 
southern half of Africa, data from a sample of 153 Na- 
mibian specimens was analysed. Most specimens with 
mainly ‘hourglass’ markings on the back also had the su- 
pralabial formula 6 [2,3] (usually 7 [3,4] in D. scabra), 
which led me to question Broadley’s (1983, 1990) de- 
cision to relegate D. s. loveridgei to the synonomy of 
D. scabra. Apart from dorsal colour pattern and the su- 
pralabial formula, several additional characters were also 
examined, some of which also proved useful in distin- 
guishing between the two morphotypes. 

Bates & Broadley (2018) proposed elevating D. s. 
loveridgei to full species status based on a combination 
of the unique dorsal colour pattern and usual supralabial 
formula of 6 [2,3] of several Namibian specimens as de- 
termined by Mertens (1954, 1955) and Gans (1959); and 
they also included Namibia in the distribution range of 
D. scabra. Dasypeltis loveridgei was until recently listed 
as a subspecies of D. scabra by The Reptile Database 
(Uetz et al. 2022). The present study provides data sup- 
porting the proposal that D. /overidgei is a valid species, 
and shows that this species and D. scabra are both fairly 
widespread in Namibia. 
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MATERIALS AND METHODS 


Study area 

Namibia is a largely arid country in south-western Af- 
rica situated between latitudes 16° 45’ and 29° S, and 
lying mostly to the west of longitude 21° E, although it 
also includes the relatively narrow north-eastwardly ex- 
tension known as the Zambezi Region (formerly Caprivi 
Strip). Although much of the country is arid, including 
the Namib Desert in the west and the western edge of 
the Kalahari Desert in the east, the north-easterly parts 
(especially the Kavango-Caprivi region) are subtropical, 
receive much more rainfall, and comprise forested savan- 
nah and woodland (Anon 2022). Much of the rest of the 
country consists of some form of savannah or shrubland. 
The Great Escarpment, including the Khomas Highland 
in the Windhoek region, runs north to south in the coun- 
try and separates the western coastal areas (Namib) from 
the central plateau. 


Material examined 
Data on size, colour pattern and scalation for a total of 
153 specimens of Namibian Dasypeltis and for compari- 
son, eight Dasypeltis confusa Trape & Mané, 2006 (iden- 
tification based on data in Trape & Mané 2006, Bates & 
Broadley 2018 and Trape et al. 2021) from Angola and 
south-western Democratic Republic of the Congo, from 
museums in southern Africa, Europe and the United 
States are presented in Appendix I. This includes data 
from material examined by the author (values in bold in 
Appendix I); as well as data from Mertens (1954, ho- 
lotype: museum number marked by superscripted ‘1’ in 
Appendix I), Gans (1959, appendix 1: superscripted ‘2’ 
in Appendix I) and spreadsheets sent by the late Donald 
G. Broadley (some of this data, recorded using the same 
methods as in the present study, was probably used for 
the conclusions reached by Broadley 1983: superscripted 
‘3’ in Appendix I). Several of the above-mentioned speci- 
mens were examined by the author for at least some char- 
acters, and such data is also denoted in bold in the ap- 
pendix. In some cases the author’s data differs from that 
presented by Mertens (1954) and Gans (1959). For the 
holotype and most of the paratypes of D. s. Joveridgei, as 
well as six Dasypeltis specimens in the Field Museum of 
Natural History (excluding FMNH 77610), photographic 
images were examined and data obtained in this way is 
also indicated in bold in Appendix I. Unless otherwise in- 
dicated, when museum specimen numbers are separated 
by an en dash, this implies a series (e.g., TMP 48337-9 
refers to specimens 48337, 48338 and 48339). 
Specimens were examined under a binocular dissect- 
ing microscope, or with the aid of magnifying lenses for 
some large specimens (D.G. Broadley, pers. comm.). 
One decapitated specimen (NMWN 3189b: Ja Dennoch, 
Kehoro Suid) could not be identified to species level be- 
cause too few diagnostic characters were available. In 
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the species accounts, localities (with museum specimen 
numbers) are listed alphabetically, and the mapping no- 
tation (e.g., 2616CB) refers to quarter-degree units (see 
usage in Bates et al. 2014: 8). Specimens listed as ‘Da- 
sypeltis cf. loveridgei’, although similar to D. loveridgei, 
were not included in the analysis as their taxonomic sta- 
tus 1s uncertain and currently under investigation (Bates 
et al. in prep.), but their localities were mapped. 

Because of known differences in numbers of ventral 
and subcaudal scales between males and females of Da- 
sypeltis (e.g., Bates & Broadley 2018; Broadley 1983, 
1990; Gans 1959), an attempt was made to determine the 
sex of all specimens. Sex was determined by presence/ 
absence of (one or both) inverted hemipenes (slit open to 
reveal spines if not obvious) in the tail base, presence of 
everted hemipenes, and/or presence of internal reproduc- 
tive structures (males: testes, sperm ducts; females: eggs, 
ovaries, oviducts). Only sexed specimens were used for 
the analyses of relative tail length, and numbers of ven- 
trals, subcaudals and midbody scales. 


Characters used 

Characters mentioned by previous workers (Broadley 
1983; FitzSimons 1962; Gans 1959; Mertens 1954), in- 
cluding all those regarding differences or similarities be- 
tween D. scabra and D. loveridgei, were examined and 
evaluated, together with a few additional characters (see 
Appendix I). Firstly, the dorsal, lateral and ventral colour 
patterns were determined. Dorsal pattern was usually 
identified as ‘SN’ (scabra-like) or ‘6N’ (Joveridgei-like) 
with reference to Gans (1959), but variation in this re- 
gard 1s discussed. Lateral markings were generally cat- 
egorised as elongate (typical for D. scabra), or squarish 
or irregular (not distinctly elongate; typical of D. love- 
ridgei). Colour pattern on the belly (white to cream) was 
recorded as immaculate; with one, two or three rows of 
dark markings at the sides of the belly (not all ventral 
plates were necessarily marked, and if a single row was 
present then the markings were at the extreme edges of 
the plates adjacent to the lateral scales); or extensively 
marked. The rows of dark markings sometimes extended 
onto the tail. 

Ventrals were counted from the first plate following 
the posterior (usually second) pair of chin shields, up to 
but excluding the anal plate (first ventral 1s always wider 
than long and usually similar to the next ventral; small 
extranumerary scales sandwiched between posterior chin 
shields were not included). Subcaudals were counted 
from the first adjoining pair behind the vent up to the 
pair in contact with the terminal spine (spine excluded). 
Longitudinal dorsal scale rows (‘midbody scale rows’) 
were counted at or near midbody (halfway between tip of 
snout and vent), usually by starting the count caudad and 
reversing in the same way at the dorsal ridge (vertebral 
area), but taking special care to follow the inclination of 
the lateral rows (usually 3—4) of serrated and reduced 
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scales so as to include them in the count. Pattern cycles 
refers to the number of moderate to large dark markings 
(‘saddles’) on the back, starting after the first (often chev- 
ron) marking on the nape (which often extends onto the 
back of the head) up to the marking above the vent (in 
cases of bilateral asymmetry, fusion of dorsal markings, 
or when such dorsal markings were unclear, then lateral 
bars were used as guiding criteria). For specimens exam- 
ined by the author, the latter four counts were usually re- 
peated for accuracy. Scale counts on the head were taken 
on both sides and when different, this was indicated (see 
Appendix I). For the sake of calculations, in the few cas- 
es where counts were available for one side of the head 
only, it was considered that the counts were equivalent on 
the other side. Supralabials are expressed as a formula, 
for example, 7 [3,4], where the numbers in brackets refer 
to the labials (1.e., 3 and 4") in contact with the orbital. 
The most posterior labial is a large scale at the corner of 
the mouth. 

Apart from the characters mentioned above, the fol- 
lowing four additional features were also examined as 
they were found to be useful in separating the two taxa: 1) 
Texture of the frontal scale (see usage by Bates & Broad- 
ley 2018), scored as: 0 = smooth, no pitting; 1 =a single 
row of pits on the posterior and lateral margins of the 
frontal; 2 = more extensive marginal pitting (Gans 1959: 
fig. 2B); 3 = extensive pitting, but with centre of frontal 
still smooth (Gans 1959: fig. 2A); 4 = entire frontal pit- 
ted and center of shield often rugose or corrugated. ii) 
Depth of the sulcus between the pair of prefrontal scales, 
scored as: deep or groove-like (‘Y’ in Appendix I), mod- 
erate (‘F’), or weak with scales merely in contact (“N’), 
as illustrated by Gans (1959: fig. 6). 111) Relative length 
of prefrontal and internasal scales, determined by visual 
examination. iv) Protrusion of the top of the rostral scale 
when viewed from directly above the head, 1.e., clearly 
visible or barely visible (only the tip of the scale is evi- 
dent). 

Snout-vent length (SVL; tip of snout to vent) and tail 
length (vent to tip of tail) were measured (usually bel- 
ly-up) with the snake aligned against a millimetre ruler, 
but a few tightly curled specimens were measured using 
a length of string. Relative tail length (e.g., total length/ 
tail length) was determined using these measurements. 
Measurements of truncated tails were not included in cal- 
culations. 


Statistical analyses 

Statistical analyses were conducted using the computer 
software package Statistica ver. 6. To test whether spec- 
imens assigned to the three species on the basis of their 
dorsal patterns (“5N’ for D. scabra, ‘6N’ for D. loveridgei 
and ‘SL’ for D. confusa) could also be distinguished by 
morphological characters, a stepwise discriminant func- 
tion analysis was conducted for all specimens with full 
sets of the relevant variables (as defined above). For 
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D. scabra, two specimens (JV 95149, NMWN 2287) 
had the ‘6N’ pattern, and one (NMWN 9510) had a ‘7’ 
(D. palmarum-like, see Gans 1959) pattern, whereas 
for D. loveridgei one (JV 7340) was ‘5N’ and two (TM 
33499, 49876) were intermediate (SN/6N in Appendix 
I); these six specimens were excluded from the analysis. 
Thirteen variables were analysed — meristic: numbers of 
ventrals; subcaudals; midbody scale rows; supralabials 
(for this variable and the following four, an average was 
used if different on either side of the head); preoculars: 
postoculars; anterior temporals; posterior temporals; and 
interval variables: frontal (scored as noted above, from 
O for smooth to 4 for extensively pitted; in a few cases 
where Gans [1959] had scored the frontal as ‘Y’ [‘3/4’ 
in Appendix I, meaning extensively pitted] a score of 
3.5 was assigned, or ‘N’ [‘1/2’ in Appendix I, meaning 
marginally pitted] a score of 1.5 was assigned); length 
of prefrontal scale compared to internasal (coded as 0 if 
prefrontal was longest, 1 if they were equal, and 2 if the 
internasal was longest; score averaged if different on ei- 
ther side); prominence of the posterior part of the rostral 
when looking down on the head (0 if barely visible, 1 
if clearly visible); depth of inter-prefrontal sulcus (0 if 
weakly marked, 1 if moderately marked and 2 if deep); 
and the ratio total length/tail length. 


Comparative data used in diagnosis 

In addition to data in this paper, comparative data for 
the diagnosis of D. loveridgei (see below) and compari- 
son with other species was obtained from Bates (2013), 
Bates & Broadley (2018), Bates & Ineich (2012), Broad- 
ley (1990), Dumeéril et al. (1854), FitzSimons (1962), 
Gans (1959, 1964), Mertens (1954, 1955), Saleh & Sar- 
han (2016), Trape & Mané (2006), and Trape et al. (2012, 
2021). For D. atra, to avoid inadvertently including data 
for mainly brown or uniform phase specimens of conge- 
ners, only data from north-east Africa (Bates & Broadley 
2018) and eastern Democratic Republic of the Congo 
(Mount Kabobo and the ‘districts’ of Oriental and Kivu: 
Gans 1959, appendix 1) with ‘2M’, ‘2B’ and ‘2Bx’ dorsal 
colour patterns were used. An exceptionally low female 
subcaudal count of 50 for D. gansi (see Bates & Ineich 
2012), and low male ventral and subcaudal counts of 212 
and 59 respectively for D. fasciata (see Bates & Broad- 
ley 2018), were excluded, as were high ventral and low 
subcaudal counts of 250 and 55 respectively for a ‘male’ 
D. bazi (Saleh & Sarhan 2016). 


Institutional abbreviations 
Material (including colour photographs) from the institu- 
tions listed below was examined. Institutional abbrevia- 
tions are from Sabaj (2016). 


CAS = California Academy of Sciences, San 
Francisco, USA 
FMNH~ = Field Museum of Natural History, 


Zoology Department, Chicago, USA 


Bonn zoological Bulletin 72 (2): 163-184 


JV = John Visser collection (to be accessioned 
into National Museum, Bloemfontein, 
South Africa) 

MCZ = Museum of Comparative Zoology, 
Harvard University, Cambridge, USA 

MRAC = Musée Royal de I’ Afrique Centrale, 
Tervuren, Belgium 

NHMUK = Natural History Museum, London, UK 

NMW = Naturhistorisches Museum, Wien 


[Vienna], Austria 

NMWN- = National Museum of Namibia, Windhoek, 
Namibia 

NMZB-~ = Natural History Museum of Zimbabwe, 
Bulawayo, Zimbabwe 


SMF = Senckenberg Naturmuseum, Frankfurt am 
Main, Germany 

TMP = Ditsong National Museum of Natural 
History, Pretoria, South Africa 

ZFMK = Zoologisches Forschungsmuseum 
Alexander Koenig, Bonn, Germany 

ZMB = Museum fiir Naturkunde, Berlin, 
Germany 

ZMH = Zoological Museum Hamburg, Germany 

ZSM = Zoologische Staatssammlung Munchen, 


Munich, Germany 


Species concept and species delimitation 
A lineage-based species concept is followed here, where 
a species is represented by an independently evolving 
metapopulation lineage (see De Queiroz 1998, 2007; 
Frost & Hillis 1990). Morphological characters were the 
operational criteria for species delimitation. 


SYSTEMATICS 
Dasypeltis scabra (Linnaeus, 1758) 


English: Common Egg-eater; Afrikaans: Gewone Ei- 
ervreter; German: Gewohnlicher Eierfresser 


Coluber scaber Linnaeus, 1758: 223. Type locality: ‘in 
Indiis’ [= Cape Colony, South Africa]. 

Dasypeltis scabra Gans 1959: 141 (part, app. 1: speci- 
mens with ‘SN’ colour pattern, and the following spec- 
imens with ‘6N’ pattern: FMNH 64563, 64682, 65853— 
4, HM 5796 [= ZMH R02271] and MCZ 39930; see 
Appendix I); Broadley 1983: 262 (part), 1990: 262 
(part); Marais 1985: 92 (part); Branch 1988: 84 (part), 
1998: 95 (part); Marais 1992: 172 (part), 2004: 270 
(part), 2022: 311 (part); Schleicher 2015: 187 (part), 
2018: 187 (part), 2020: 198 (part). 

Dasypeltis scabra loveridgei Mertens, 1954: 213 (part, 
Okahandja: SMF 46371; see Discussion). 
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Dasypeltis scabra loveridgei (not Mertens) FitzSimons 
1962: 179 (part, Tsumkwe only); ? Elzen 1980: 337 
(Okaukuejo). 

Dasypeltis “scabra’ Gothel, 2015a: 19 (part). 


Description. Colour pattern (Figs 1-2): Dorsum usually 
grey or light brown with dark brown to blackish markings 
(sometimes white-edged) in the form of saddles (41-66, 
mean 51.7 + 4.83, n = 47) that vary in shape from square 
to somewhat rectangular, oval (e.g., TM 55505), irregular 
(e.g., CAS 196434), and often a mixture of two or more 
shapes; and vertically elongated markings of the same 
colour (sometimes white-edged) on the flanks situated 
between, and mostly separated from, the saddles (‘5N’ 
pattern of Gans 1959). The spaces between saddles are 
usually whitish and shorter (and smaller) than the saddles 
themselves. Occasionally the dorsal pattern is closest to 
‘6N’ (JV 95149, Katima Mulilo), or the saddles are some- 
what intermediate, being squarish and only weakly con- 
stricted anteriorly and posteriorly (e.g., FMNH 65853, 
NMWN 2287 and ZMH RO02272; also compare Figs 1—2 
‘scabra’ and Fig. 8 ‘/overidgei’). Lateral markings are 
also variable and may be similar in this species and 
D. loveridgei (e.g., Figs 1, 9). In a few specimens some 
of the saddles and lateral markings are confluent, but 
NMWN 9510 (Waterberg) is unusual in that it has almost 
D. palmarum-like markings (colour pattern ‘7’ of Gans 
1959), with elongate to diamond-shaped saddles mostly 
linked to the lateral bars, forming bands. Venter white 
to cream, seldom immaculate (NMWN 9228, 9510; TM 
22612), usually with grey stipples or dark blotches at the 
edges, occasionally forming a single row (TM 83351) on 
either side of the belly, but 2—3 well-spaced rows on ei- 
ther side or belly extensively marked in 84.6% (two rows 
on either side in 57.7%, three rows in FMNH 65854, and 
two rows with additional dark markings elsewhere on the 
belly in 23.1% —e.g., TM 39329 and 44799 which have 
extensively marked bellies) (n = 26). Top of head usu- 
ally with 1—2 anterior-pointing (sometimes fragmentary) 
chevrons and/or other dark markings. 

Scalation (Figs 3-4): Dorsal (including lateral) scales 
distinctly keeled; usually 3-4 (occasionally 0 or 5) rows 
of lateral scales keeled and serrated (n = 49). In most 
specimens, scales of the 3" to 5" or 3“ to 6" rows from 
the ventral plates were serrated, but exceptions were 2™ 
to 6" rows (TM 55505), 3 to 7" rows (TM 22612) and 
4" to 6" rows (NMWN 9228) serrated, while juveniles 
NMWN 204 (202 mm SVL) and NMWN 9510 (149 mm 
SVL) lacked serrated laterals (1 = 31). Preoculars usu- 
ally one on either side of head, but two on either side in 
NMWN 4398 (n = 48); postoculars usually two on either 
side of head, but one on either side in ZMH R02272 (n= 
48). Frontal shield heavily pitted (States 3 or 4) in 76.6% 
of specimens, marginally pitted (States 1 or 2) in 23.4% 
(n = 47). Inter-prefrontal suture deeply sunken in 68.1% 
of specimens, moderately marked in 29.8%, weakly 
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marked in juvenile NUWN 9228 (n= 47). Supralabials 7 
[3 and 4" entering orbit] on either side of head in 85.7% 
of specimens, 6 [2,3] in 4.1%, 6 [2,3] on one side and 
7 [3,4] on the other in 4.1%, and individuals with 6 [3] 
(NMWN 204), 7 [2,3,4] (JV 95003), and 8 [4,5] /7 [3,4] 
(NMWN 4397) (n= 49). Temporal formula on either side 
of head usually 2 (anterior) + 3 (posterior) or 3+4: anteri- 
or temporals usually two on either side of head (66.7%), 
sometimes three (20.8%), occasionally 3 left/2 right 
(10.4%), and 3/4 in NMWN 7082 (n = 48); posterior 
temporals on either side of head three (54.2%), three on 
one side and four on the other (25.0%), four (16.7%), and 
individuals with two (NMWN 9510) and 3/5 (NMWN 
3189a) (n = 48). Nasal shield usually semi-divided (1.e., 
suture present between nostril and first supralabial), but 
fully divided (suture present above and below nostril) in 
NMWN 4398, and undivided on left side of head and 
semi-divided on right in TM 39328 (n = 41). Prefrontal 
scales longer (and usually larger overall) than internasals 
in 90.5% of specimens, internasals longer in 4.8%, of 
equal length in JV 95001, and prefrontal longer on left 
side, equal on right, in TM 39329 (n = 42). When the 
head 1s viewed from above, the top of the rostral shield is 
visible and distinct in all but one specimen (TM 55505) 
in which it is barely visible (n = 42). Midbody scale rows 
22-28 (n = 49), in males 22—26 (mean 24.1 + 1.28, n= 
15), in females 23—28 (mean 24.8 + 1.15, =23). Ventrals 
204—240 (n= 46), in males 204—220 (mean 210.0 + 4.36, 
n= 15), in females 212—240 (mean 224.3 + 6.72, n= 22). 
Subcaudals 41-62 (n = 45), in males 51-62 (mean 56.6 
+ 3.32, n= 14), in females 41-55 (48.3 + 3.61,n=21). 

Relative tail length: SVL/tail length in males 4.69- 
5.76 (mean 5.25 + 0.38, n = 14), in females 5.93-8.12 
(mean 7.23 + 0.66, n = 19); total length/tail length in 
males 5.69-6.76 (mean 6.25 + 0.38, n = 14), in females 
6.93—-9.12 (mean 8.23 + 0.66, n= 19). 

Size. Largest male (TMP 39329 — Katima Mulilo) 
467 mm SVL + 98 mm tail length = 565 mm total length; 
largest female (NMWN 2292 — Witvlei, Gobabis) 730 + 
97 = 827 mm, but NMVWN 253 (Wilhelmsruhe) had a 
SVL of 773 (no tail measurement). 

Localities and material examined. (Names followed 
by numbers refer to farms.) Breitenberg 51, Gobabis dis- 
trict - NMVWN 2281 (2218DC); Cleveland farm, 9 km 
N of Otjiwarongo — TMP 83351 (2016BC); Eastern Na- 
tional Water Carrier, Waterberg section - NUWN 9510; 
Etosha Pan, Kaokoveld — FMNH 77610; Good Hope 
397, Gobabis district - NUWN 2293 (2218AB); Groot- 
fontein campground — CAS 196434 (1918CA); Groot- 
fontein-Omatako Canal, Grootfontein district - NUWN 
4924 (1917DD); Hippo 386, Gobabis district - NUWN 
2290 (2219AA); Ja Dennoch, Kehoro Suid — NMWN 
3189a (2318CA); Kabuta, Katima Molilo — TMP 
22612 (1724DD); Katima Mulilo - NUVZB—-UM 24208 
(1724AC); NMWN 7082, 10133 (1724AD); JV 95149, 
TMP 39328-9 (1724CB); Katima Mulilo, 15 km WSW 
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Fig. 2. Dorsal and ventral aspects of Dasypeltis scabra (FMNH 65853) from near Okahandja, central Namibia. (Photos: Field 
Museum of Natural History, Chicago) 


of — NMZB-UM 22810 (1724CA); ‘Namibia’ —- FMNH 
64682, ZMB 28815; Okahandja - NMWN 204, 2294, 
SMF 46371, TMP 36071, ZMH R02275 (2116DD); 
Okahandja, near — FMNH 658534 (2116DD); Okah- 
andja district - FMNH 64563; Okakena near Okahandja 
— ZMH R02272 (2116DD); Onjoka farm, Eastern Na- 
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tional Water Carrier - NMWN 9228 (2017AD); Otji- 
warongo — JV 95001, 95003, 95005 (2016BC); Otjosan- 
gombe — MCZ 39930 (2017AD); Outjo, 21 km due NW 
of — JV 8926 (2015BB); Plateau 38, Luderitz district 
— TMP 55505 (2616DA); Roidina farm, Omaruru dis- 
trict - ZMH RO02271 (2116AA); Tsumkwe — NMWN 
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Fig. 3. Lateral aspect of the head of Dasypeltis scabra (SMF 
46371) from Okahandja, north of Windhoek, Namibia, show- 
ing typical arrangement of seven supralabials (3 and 4" in 
contact with orbital). (Photo: Sebastian Lotzkat) 


Fig. 4. Dorsal aspect of the head of Dasypeltis scabra (SMF 
46371) from Okahandja, north of Windhoek, Namibia, show- 
ing typical condition of head shields (top of rostral shield 
clearly evident when viewed from above head; internasals [IN] 
shorter [and usually smaller overall] than prefrontals [PF]; in- 
ter-prefrontal sulcus well marked; and frontal shield extensive- 
ly pitted [even partly corrugated in this case]). (Photo: Sebas- 
tian Lotzkat) 


4397-8, 10131, 10135, TMP 25091 (1920DA); Water- 
berg Plateau — NHMUK 1937.12.3.152-3 (2017AD); 
Wendelstein 171, Gobabis — TMP 44799-800 (2219AC); 
Wilhelmsruhe 339, 45.1 km E of Steinhausen - NUWN 
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253 (2118DC); Windhoek — CAS 115894, NMVWN 2287 
(2217CA); Witvlei, Gobabis - NVWN 2292 (2118DC). 

Distribution. From the south-western Cape of South 
Africa through Namibia, Botswana, Zambia, southern 
and western Democratic Republic of the Congo, much 
of south-eastern and eastern Africa as far north as Gojam 
area in north-central Ethiopia, with isolated populations 
along the Nile Valley in south-eastern Sudan and adja- 
cent north-eastern South Sudan, as well as 50 km north of 
Kutum in western Sudan (Bates & Broadley 2018; Bates 
et al. 2014; Broadley 1990; Gans 1959). 

In Namibia D. scabra is found mainly above 1000 m 
a.s.l., in Woodland and Shrubland-Woodland Mosaic 
in the north-eastern parts of the country, extending into 
the higher-lying central parts, with a single record in the 
south-west which appears to be associated with popu- 
lations in the Northern Cape Province of South Africa 
(Fig. 5). Found in the following regions of Namibia: Ku- 
nene, Zambezi, Erongo, Otjozondjupa, Omaheke, Kho- 
mas, Hardap and Karas. 

Conservation. Using IUCN (2022) criteria, this spe- 
cies in Namibia 1s considered Least Concern as it is wide- 
spread and apparently common, and there are no known 
major threats. 

Remarks. Mertens (1955) and Gans (1959) noted that 
one of the paratypes (SMF 46372, Okahandja) of D. s. 
loveridgei had dorsal markings similar to those of typ- 
ical D. scabra. One of two specimens from this locality 
does indeed have the ‘5N’ pattern (and other scabra-like 
characteristics), but bears the label SMF 46371 (see Dis- 
cussion). 

Several specimens listed by Gans (1959) as having a 
‘6N’ dorsal pattern (hourglass-shaped markings on the 
back, 1.e., D. loveridgei-like) are in fact referable to 
D. scabra (see Appendix I). Most of these specimens 
(FMNH 64563, 64682, 65853-4, HM 5796 [= ZMH 
RO2271]) have a somewhat intermediate dorsal pattern 
in that some or most of the saddles are roughly square- 
shaped but moderately constricted anteriorly and pos- 
teriorly. However, other characters on these specimens 
were typical of D. scabra: supralabial formula was 7 
[3,4], frontals extensively pitted, and belly had at least 
two rows of dark spots at the edges on either side (the lat- 
ter character not recorded for the ZMH specimen). Gans 
(1959, appendix 1) recorded the dorsal pattern of MCZ 
39930 as ‘?6N’, but it is referable to D. scabra as it has 
the supralabial formula 7 [3,4] and an extensively pitted 
frontal. 


Dasypeltis loveridgei Mertens, 1954 


English: Namibian Egg-eater; Afrikaans: Namibiese Eir- 
vreter; German: Namibischer Elerfresser 


Dasypeltis scaber (not Linnaeus) Peters 1870 [dated 
1869]: 661 (Damaraland). 
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11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 


Fig. 5. Geographical distribution of egg-eating snakes (Dasypeltis) in Namibia, based on museum material examined for this study. 
Symbols represent quarter-degree grid cells (see usage in Bates et al. 2014). Red triangles = D. scabra, yellow triangles = D. loveridgei; 
yellow triangles with bold edges = D. cf. loveridgei. The two species are sympatric at three localities, namely Windhoek, 
Okahandja and Ja Dennoch (quadrants comprised of red and yellow triangles), and parapatric in several areas throughout 
the country. 

(Map produced by Cora S Stobie using QGIS [QGIS Development Team 2020] and Natural Earth [https://naturalearthdata. 
com]; shapefiles for “Namibia — Kalahari and recent deserts” as well as “Biomes and vegetation types of Namibia” [Mendel- 
sohn et al. 2002] were included for dune, river and basin data [originally available on www.the-eis.com, currently available 
on www.data.sasscal.org]; subnational administrative boundaries from _https://data.humdata.org/dataset/cod-ab-nam; Global 
Multi-resolution Terrain Elevation Data 2010 [GMTED2010] [Danielson & Gesch 2011] was added to provide an elevation layer. 
Websites last accessed 9 Sep. 2020.) 


Dasypeltis scabra (not Linnaeus) Werner 1902: 340 Dasypeltis scabra loveridgei Mertens, 1954: 213. Type 


(Windhoek); Sternfeld 1908: 89, 1910a: 55, 1910b: 58, 
1910c: 21 (Gobabis & Windhoek); Lampe 1911: 197 
(Rietmond); Gans 1959: 141 (part: pl. 8, figs 3,4; pl. 
5, fig. 8; and app 1: specimens with ‘6N’ colour pat- 
tern, excluding FMNH 64563, 64682, 65853-4, HM 
5796 [= ZMH R02271] and MCZ 39930, which are 
D. scabra; see Appendix I); Broadley 1983: 262 (part), 
1990: 262 (part); Marais 1985: 92 (part); Branch 1988: 
84 (part), 1998: 95 (part); Marais 1992: 172 (part), 
2004: 270 (part), 2022: 311 (part); Schleicher 2015: 
187 (part), 2018: 187 (part), 2020: 198 (part). 
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locality: Farm Finkelstein near Windhoek, Namibia. 
Holotype: SMF 46642. (One specimen in the type se- 
ries, SMF 46371, is referable to D. scabra; see Dis- 
cussion); Mertens 1955: 104 (part, excluding “SMF 
46372’ [= SME 46371, see Discussion]); FitzSimons 
1962: 179 (part, excluding Tsumkwe), 1966: 55; 1970: 
114 (central highlands of Namibia), 1974: 114 (central 
highlands of Namibia); Elzen 1980: 337 (part, Ombu- 
jomatemba; ? Okaukuejo). 
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Dasypeltis loveridgei Bates et al. 2009: 69; Gothel, 
2015a: 14, 19, 21 (as ‘D. loverdigei’), 2015b: 86; 
Bates & Broadley 2018: 6. 

Dasypeltis loveridgii (sic) Marais 2022: 312 (‘dry west- 
ern region of southern Africa’). 


Revised diagnosis. Assigned to the genus Dasypeltis 
on account of its slender form; possession of (usually) 
3—4 rows of reduced, oblique, keeled and serrated lat- 
eral scales (little or no serration in D. inornata); and 
head barely distinct from the neck (moderately distinct 
in D. fasciata). Distinguished from congeners by the fol- 
lowing combination of characters: 1) Moderate to small 
size of males (largest: 445 mm SVL + 75 mm tail length) 
and females (689 + 91 mm respectively). 2) Dorsal sur- 
faces grey, light brown or reddish-brown with a series 
of 36—65 dark, hourglass-shaped, patches or ‘saddles’. 3) 
Sides of body with squarish to irregular, often vertical- 
ly-oriented, dark markings (seldom distinctly elongate). 
4) Ventral surfaces white to cream, immaculate or (usu- 
ally) with a single row of small, often indistinct, spots or 
irregular markings at the edges. 5) Supralabials usually 6 
on either side of head, with 2" and 3" in contact with the 
orbital. 6) Midbody scale rows longitudinally 22—25 in 
males, 23—27 in females. 7) Ventrals 202—226 in males, 
212-236 in females. 8) Subcaudals 47—60 in males, 38— 
50 in females. 9) Postoculars 2 (rarely 3) on either side 
of head. 10) Frontal shield usually smooth to moderately 
pitted. 11) Inter-prefrontal sulcus almost always shallow 
to moderate. 12) Internasal scales usually longer (and 
often larger overall) than prefrontals. 13) Rostral shield 
barely visible from above head. 

Comparison with other species. The colour pattern 
as described above is characteristic of D. loveridgei, and 
in this regard it differs from other species of Dasypeltis. 
While some specimens of D. scabra in southern Afri- 
ca (e.g., Alexander & Marais 2007: 130-131; Clauss & 
Clauss 2002: 79) and D. bazi (Bates & Broadley 2018: 
20) have a similar pattern, the constriction of the sad- 
dle is never as distinct and pronounced as it is in most 
D. loveridgei, and in D. bazi most saddles are antero-pos- 
teriorly elongated, often quite distinctly. There are 36— 
65 saddles in D. /overidgei, but in some other species 
this count is often much higher (108-141 in D. fasciata, 
57-108 in D. medici, 65—98 in D. abyssina, 62-130 in 
patterned D. atra, 62—79 in D. arabica). Regarding the 
markings on the belly, in D. /overidgei it is immaculate or 
poorly marked by a single (occasionally two) longitudi- 
nal series of small dark flecks or spots at the edges of the 
ventral plates; whereas in D. abyssina it is extensively 
decorated in dark brown to black blotches and spots; in 
D. parascabra it is also more extensively marked, with 
a series of large, bold, dark markings on either side of 
each ventral plate, well separated from the edge, forming 
a pair of broken ‘stripes’; in D. medici there are often fine 
grey speckles throughout; in D. palmarum there are usu- 
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ally fine dark speckles at the edges of the plates; and the 
underparts of D. inornata are usually immaculate. 

Regarding scalation, the usual supralabial formula of 6 
[2,3] distinguishes D. loveridgei from all other congeners 
where the formula is usually 7 [3,4] (although 6 [2,3] on 
both sides of the head in as much as 49.3% of D. scabra 
[n = 373] from Free State Province, central South Afri- 
ca, based on material in the National Museum [Bloem- 
fontein] collection; M.F. Bates, unpubl. data). Division 
of the nasal scale below the nostril, as in D. loveridgei, 
is the norm in the genus, but in both D. sahelensis and 
D. parascabra this scale is undivided. As in other spe- 
cies, D. loveridgei usually has two postocular scales on 
either side of the head, but specimens in western popula- 
tions of D. atra usually have only one. The frontal shield 
is usually smooth to moderately pitted in D. loveridgei 
but usually extensively pitted in D. medici and some 
populations of D. scabra. Ventral plates in D. loveridgei 
were 202-226 in males, 212—236 in females, generally 
lower than in D. arabica (236-244 males, 239-254 fe- 
males), D. abyssina (226-247 males, 241-271 females), 
D. gansi (221-240 males, 235-255 females), D. medici 
(220-252 males), and D. fasciata (225—260 females). 
Subcaudal counts in D. loveridgei were 47—60 in males, 
38—50 in females, mostly lower than in D. inornata (81-— 
92 males, 69-84 females), D. fasciata (71-91 males, 64— 
84 females), D. medici (69-109 males, 61-90 females), 
D. palmarum (68-77 males, 62—77 females), D. gansi 
(68-83 males, 59-73 females), D. arabica (63-65 males, 
53-61 females), D. crucifera (61 male, 49-52 females), 
D. bazi (59-61 males, 50-55 females), D. abyssina 
(57-68 males, 49-65 females), and D. latericia (59-72 
females). 

Dasypeltis loveridgei is similar to D. scabra with re- 
gard to some scalation characteristics, but can be distin- 
guished from the latter in Namibia as follows: dorsal and 
ventral colour patterns as described above, smaller size 
(largest male 445 mm SVL + 75 mm tail length versus 
467 + 98 mm; largest female 689 + 91 mm versus 730 + 
97 mm [one female had a SVL of 773 mm]); supralabial 
formula usually 6 [2,3] versus 7 [3,4]; internasal usually 
longer (and larger) versus shorter (and smaller) than pre- 
frontal; frontal shield usually smooth to moderately pit- 
ted versus usually largely to extensively pitted; inter-pre- 
frontal sulcus shallow to moderate versus usually deep 
and distinct; and rostral usually barely visible from above 
versus almost always more prominent and easily visible. 

Description. Colour pattern (Figs 6-9): Dorsal co- 
louration is grey, light brown or reddish-brown, with 
darker brown, predominantly hourglass-shaped, saddles 
(36-65, mean 47.3 + 5.37, n = 99) constricted anteriorly 
and posteriorly, and usually squarish to elongated lateral 
markings situated between the saddles and adjacent to 
the pale interspaces (‘6N’ pattern of Gans 1959: pl. VIII 
fig. 4). The interspace between saddles may be as long, 
or longer, than the saddles themselves (e.g., Figs 6-7, 9; 
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Fig. 6. Dasypeltis loveridgei from Dordabis, south-east of Windhoek, Namibia. (Photo: Francois Theart) 


Bates & Broadley 2018: fig. 11), but occasionally much 
narrower (e.g., Fig. 8). Colouration and pattern in life 
are quite varied (Figs 6-8). For example, the snake in 
Fig. 6 1s grey overall, with moderate sized, dark grey- 
brown, distinctly constricted, hourglass-shaped saddles 
on the back and tail, separated by cream-white interspac- 
es that are about equal in length or slightly longer than 
the saddles themselves. In this specimen some saddles 
are greatly constricted, a few even separated into pairs of 
small spots paravertebrally, and the lateral markings vary 
from spot-like to elongate. This specimen is similar to 
the holotype (Fig. 9), although the latter has less strong- 
ly-constricted saddles and more elongate markings on 
the flanks anteriorly. The specimen in Fig. 7 has similar 
colouration and pattern but the saddles are large and dark 
brown, the interspaces between saddles are only slightly 
paler (whitish) than the overall grey colouration, and lat- 
eral markings are squarish to irregular in shape, seldom 
elongated. Figure 8 illustrates a snake with an overall 
light brown colour, with large, reddish-brown, weakly 
to moderately constricted, saddles, separated by bright 
white interspaces much shorter than the saddles them- 
selves, with irregular to slightly elongated reddish-brown 
lateral markings (see photographs of similar snakes in 
Gothel 2015a: 14, 21, 2015b: 86). Other specimens with 
weakly constricted hourglass-shaped markings are JV 
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7304 (Kuibis), NMWN 2279b (Plateau 38, Luderitz), 
NMWN 10132 (Nauchas farm, Rehoboth), TM 48338—9 
(Waterberg Plateau), and TM 42963 (Mariental). One 
specimen (JV 7340, near Maltahohe) had mostly the ‘5N’ 
D. scabra pattern, while two (TM 33499 and TM 49876) 
had a pattern intermediate between ‘6N’ and ‘5N’. Sad- 
dles and lateral markings were often fused in NMUWN 
6883 and NMWN 9567. Venter white to cream, immac- 
ulate in SMF 40873 and TM 29834, usually unmarked 
except for the edges of the plates of which some (usually 
at least every second ventral) have a small dark stipple or 
spot, usually near or at the contact point with the later- 
al scales, forming a weak and often poorly defined row 
down either side of the belly (93.9% of specimens; a few 
of these, including the holotype [Fig. 2], NUWN 4509 
and 5299 also have fine stippling/shading at the edges of 
the plates), but a couple of specimens (JV 7344; NUWN 
10132) have two such rows (closely spaced), while TM 
29834 has only fine stippling/shading and no distinct 
spots/markings (n = 66). Top of head with (e.g., holo- 
type, Fig. 11) or without (e.g., Fig. 8) 1-2 anterior-point- 
ing (sometimes fragmentary) chevrons, as well as other 
small dark markings. 

Scalation (Figs 10-11): Dorsal (including lateral) 
scales distinctly keeled, and usually 3—4 (occasionally 
0-2) rows of lateral scales on the body keeled and ser- 
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Fig. 7. Dasypeltis loveridgei from Klein Spitzkoppe, Erongo Region, Namibia, at the western edge of the species’ range. (Photo: 
Wulf D. Haacke) 


Fig. 8. Dasypeltis loveridgei offspring from parents collected in Tsumeb, northern Namibia. (Photo: Christian Schneider) 
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Fig. 9. Dorsal and ventral aspects of the holotype (SMF 46642) of Dasypeltis loveridgei Mertens, 1954 from Farm Finkenstein near 


Windhoek, Namibia. (Photos: Sebastian Lotzkat) 


rated (n = 102). In most specimens, scales of the 3% to 
5" or 3% to 6" rows from the ventral plates were serrated, 
but exceptions were only 4" row serrated (ZMH R02273, 
208 mm SVL), 4" to 5" rows serrated (NMWN 1828, 
5299), and 4" to 7" rows serrated (ZMB 33670b), while 
three juveniles (190-225 mm SVL: JV 7304, 8510, 8930) 
lacked any serrated laterals (v = 52). Preoculars usually 
one on either side of head, but two on left side and one 
on the right in TM 55690 (n = 103); postoculars usually 
two on either side of head, but three in NMWN 2291, 
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and three left and two right in NUVWN 1463 (” = 104). 
Frontal shield smooth in one specimen (ZMB 20920), 
marginally pitted (States 1 or 2) in 69.3%, and large- 
ly to heavily pitted (States 3 or 4) in 29.7% (n = 101). 
Inter-prefrontal sulcus shallow in 63.7% of specimens, 
moderately marked in 34.3%, and strongly marked in 
NMZB 10913 and SMF 41928 (n = 102). Supralabials 6 
[2™ and 3" contacting the orbital] on either side of head 
in 81.6% of specimens, 7 [3,4) in 6.8%, 7 [3,4] on one 
side and 6 [2,3] on the other in 7.8%, and one individual 
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Fig. 10. Lateral aspect of the head of the holotype (SMF 46642) 
of Dasypeltis loveridgei Mertens, 1954 from Farm Finkenstein 
near Windhoek, Namibia, showing typical arrangement of six 
supralabials (2™ and 3" in contact with orbital). (Photo: Joseph 
Vargas) 


Fig. 11. Dorsal aspect of the head of the holotype (SMF 46642) 
of Dasypeltis loveridgei Mertens, 1954 from Farm Finkenstein 
near Windhoek, Namibia, showing typical condition of heads 
shields (top of rostral shield barely evident when viewed from 
above head; internasals [IN] longer [and often larger overall] 
than prefrontals [PF]; inter-prefrontal sulcus poorly marked; 
and frontal shield moderately pitted). (Photo: Joseph Vargas) 


each with 5 [2,3] (JV 8646), 7/6 [2,3] (NMWN 2301), 7 
[2,3,4] (NMWN 2303], and 7 [2,3,4] / 6 [3,4] (NMWN 
235) (n = 103). Temporal formula on either side of head 
usually 2 (anterior) + 3 (posterior) or 2+4: anterior tem- 
porals usually two on either side of head (88.3%), occa- 
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sionally two on one side and three on the other (6.8%), 
three (2.9%), one (NHMUK 1938.4.7.20), or one left 
and two right (NMWN 2304) (n = 103); posterior tem- 
porals three on either side of head (53.4%), 3/4 (20.4%), 
four (17.5%), four on the one side and five on the other 
(5.8%), 5/3 (NMWN 1463), 3/2 (NMWN 2288b), and 
two (ZMB 20983) (n =103). Nasal shield semi-divided 
(i.e., suture present between nostril and first supralabi- 
al) in 90.5% of specimens, entirely undivided in 3.2% 
(e.g., TM 28147), semi-divided on one side of the head 
and undivided on the other in 3.2%, semi-divided on one 
side and fully divided (suture above and below nostril) 
on the other in ZMB 20983, fully divided on both sides 
of the head in ZMB 20984, and undivided on the left and 
fragmentary on the right in NMVWN 9585b (n = 95). In- 
ternasal scales longer (and often larger overall) than pre- 
frontals in 58.9% of specimens, equal in length in 25.6%, 
longer than prefrontal on one side and equal on the other 
in 2.2%, prefrontals longer in 12.2%, prefrontal longer 
on the left and shorter on the right in NUWN 2288b (n= 
90). When the head is viewed from above, the top of the 
rostral shield is barely visible in 93.1% of specimens, 
but distinct in 6.9% (n = 87). Midbody scale rows 22—27 
(n = 101), in males 22-25 (mean 23.4 + 0.78, n = 39), 
in females 23—27 (mean 24.2 + 0.97, n = 35). Ventrals 
202-237 (n = 102), in males 202—226 (mean 214.3 + 
5.38, n = 40), in females 212—236 (mean 225.7 + 6.25, 
n = 36). Subcaudals 38-60 (n = 100), 47—60 in males 
(mean 52.7 + 3.00, n = 41), 38—50 in females (mean 45.2 
+ 2.80, n = 34). 

Relative tail length: SVL/tail length in males 4.74— 
7.10 (mean 5.89 + 0.54, n = 38), in females 6.33—9.26 
(mean 7.42 + 0.55, n = 35); total length/tail length in 
males 5.74—-8.10 (mean 6.89 + 0.54, n = 38), in females 
7.33—10.26 (mean 8.42 + 0.55, n = 35). 

Size. Largest male (ZMB 5754 — Otjimbingwe) 445 + 
75 = 520 mm; largest female (JV 8646 — Uis) 689 + 91 = 
780 mm. 

Localities and material examined. Between Arandis 
and Usakos — JV 8510; Augustfelde 42, Luderitz district 
— TMP 52749 (2616CB); De Waal farm — TMP 28147 
(2318BD); Finkenstein farm, Windhoek —- NMVWN 2278, 
2304, SMF 46642 (2217CB); Gemsbokwater, Namib 
Naukluft Park — TMP 55690 (2215DC); Goageb, 2 km 
W of — JV 7338 (2617CA); Gobabis — ZMB 20923, 
209834, 20858a—b (2218BD); Haribes NW 18, near 
Gibeon — NMVWN 2277 (2417DC); Ja Dennoch, Kehoro 
Suid — NMWN 3189c (2318CA); Kalkrand, Rehoboth 
— NMWN 2282, 2291 (2417BA); Karibib — NMWN 
2297-8 (2115DD); Karibib, 42.3 km W of, on B2 route 
— JV 7448 (2115CD); Klein Spitzkoppe 70, Karibib dis- 
trict — TMP 42300 (2115CC); Klein Windhoek — SMF 
19446 (2217CA); Kuibis, 5.5 km due NW of — JV 7304 
(2616DB); Lichtenstein farm near Windhoek — ZMB 
44052, ZMH RO2273 (2217CA), ZMB 27648 (2217CC); 
Maltahohe, 37 km due W of — JV 7344 (2416DC); Mari- 
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ental, 30 km S of — TMP 49876 (2417DD); Mariental— 
Rehoboth — NMZB 10913; M’bela 200, Rehoboth — 
NMWN 2300, 2302-3 (2317DD); ‘Namibia’ — FMNH 
57654, ZMB 21530; Nauchas farm, Rehoboth Gebied 
— NMWN 10132 (2316CB); Neudamm, E of Windhoek 
— NMWN 2296 (2217CB); Nunib farm, E of Stampri- 
et — TMP 30499 (2418BA); Okahandja —- FMNH 64487, 
NHMUK 1938.4.7.20, NMWN 2289, SMF 46372, TMP 
39515 (2116DD); Okahandja, 19 km N of, on B1 route 
— NMWN 6883 (2116DD); Okanjati farm, Kalkveld — 
NMW 9963-3 [one specimen] (2016CB); Okapehwu 
farm near Okasise, Okahandja district - ZMH R02274 
(2116DC); Okasise, Okahandja — TMP 29834 (2116DD); 
Okaukuejo Camp, Etosha National Park — NMWN 
9585a—b (1915BB); Okosongomingo 149, Otywarengo 
district - NVWN 6828a (2017CA); Omaruru River — 
TMP 33499 (2214AA); Omaruru, 17.5 km S of, on C33 
route — JV 7446 (2115DB); Otjimbingwe — ZMB 5754, 
33670a—b (2216AC); Otjozondu 36, Karibib district 
— NMWN 8255 (2216AA); Paulienenhof farm — ZMH 
RO2289 (2217CB); Plateau 38, Luderitz district—- NMWN 
2279a—b (2616BC), TMP 483379 (2616CB); Rehoboth 
— NMWN 2280 (2317AC); Rentes 783 — NMWN 235 
(1917CB); Scheidthof 293, Windhoek district - NMWN 
1828 (2218CA); Seeis, Windhoek district — TMP 58046, 
ZMH _ R02270 (2217BC); Springbok Gate, Skeleton 
Coast National Park - NMWN 7791 (2014AA); Sukses — 
SME 46373 (2016DD); Swakopmund, 77 km due NE of 
—JV 7405 (2215AC); Swakopmund, 90 km NE of, on B2 
route — JV 8930 (2215AA); Swakopmund, 96 km due NE 
of — JV 7407 (2215AA); Twilight 113, Mariental district 
— NMWN 2305, TMP 42963 (2417BB), NMWN 1463 
(2417BD); Uis — JV 8646 (2114BB); Uis Mine, Omaru- 
ru district — TMP 54333 (2114BB); Usakos, Karib- 
ib — TMP 25810-1 (2115DC); Usakos, near - MRAC 
94-041-R-0002 (2115AA); Valencia 42, Rehoboth — 
NMWN 2288a—b, TMP 35605 (2316AB); Voigtsgrund 
farm, 49 km due E of Maltahohe — JV 7340 (2417CD); 
Windhoek — NMWN 2283-6, 2295, 2299, 2301, 3429, 
SMF 40873, 41928, 46370, 49617, ZMB 20920, 20982 
(2217CA); Windhoek, Mandume Ndemufayo Avenue 
[Gamsberg Road] — NMW 35792 (2217CA); Windhoek, 
Olympia suburb — NMWN 4509 (2217CA); Windhoek, 
Pioneers Park — NMWN 238 (2217CA); Windhoek, 
0.1 km past steel bridge [Avis] - NMWN 9567 (2217CA): 
Windhoek, 14 km E of -NMWN 9208 (2217CA); Wind- 
hoek and Okahandja, between — ZMB 20921; Zabis 153, 
Grootfontein district - NMWN 5299 (1917DC). 

Dasypeltis cf. loveridgei: Kaoko Otavi — NMWN 
1465 (1813BC); Karasburg, 5 km NNW of — TMP 
54997 (2718DC); Karasburg, 11 km due ENE of — JV 
7317 (2818BB); Keetmanshoop, W of — CAS 173379 
(2618CA); Mickburg farm, NNE of Grunau — TMP 
54996 (2718CB); Orumana, Ohopoho —- NMWN 2306 
(1813BD). 
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Distribution. Widespread in Namibia, especially in 
areas above 1000 m a.s.l., but excluded from the Na- 
mib Desert in the west of the country, as well as Wood- 
land and most of the Shrubland-Woodland Mosaic in 
the north-eastern parts of the country (Fig. 5). Found in 
the following regions of Namibia: Kunene, Oshikoto, 
Erongo, Otjozondjupa, Omaheke, Khomas, Hardap, and 
Karas. 

Sympatric with D. scabra at the following localities: 
Windhoek (2217CA), Okahandja (2116DD) and Ja Den- 
noch (2318CA), and parapatric in several areas through- 
out the country. The two species also occur together at 
Etosha Pan (D. loveridgei: Okaukuejo camp, D. scabra: 
‘Etosha Pan’), but the locality details for D. scabra are 
too course to plot in Fig. 5. 

Conservation. Using IUCN (2022) criteria, this spe- 
cles 18 considered Least Concern as it 1s widespread 
and apparently common, and there are no known major 
threats to it. 

Remarks. FitzSimons’ (1962) record of a ‘Transvaal 
Museum’ specimen of D. s. /overidgei from Tsumkwe in 
north-eastern Namibia (plotted at 1920BC on his map 32, 
p. 178), probably in reference to TMP 25091, is refer- 
able to D. scabra. This specimen and four others from 
the same locality (see Appendix I) had the typical ‘5N’ 
D. scabra dorsal colour pattern and supralabial formula 
of 7 [3,4] (but 8 [4,5] on the right side in NUWN 4397). 

Photographs of Elzen’s (1980) ZFMK 5426 from 
Ombujomatemba (Jagd Farm), south of the Waterberg 
range, were examined and confirm that the specimen 
is a D. loveridgei (weakly constricted hourglass-shaped 
saddles on back; supralabial formula 5 [2,3] left, 6 [2,3] 
right; frontal marginally pitted). Elzen (1980) also re- 
corded D. s. loveridgei from Okaukuejo (camp) in Etosha 
National Park, but did not provide a photograph or other 
evidence (it is not in the ZFMK collection according to 
M. Flecks, pers. comm., July 2022); and this is an area 
where both D. scabra and D. loveridgei may occur (see 
Fig. 5). 

Gothel (2015b) did not provide supporting data for his 
contention that D. /overidgei differs from other Dasypel- 
tis by the fine markings on its head. Marais (2022) noted 
that D. loveridgei can be distinguished from D. scabra 
only by having six upper labials, and red colouration. 
He failed to mention any differences in dorsal markings 
(e.g., ‘SN’ versus ‘6N’) and D. Joveridgei is not always 
‘red’ (or even reddish-brown). 


Key to the genus Dasypeltis in Namibia 


Dorsal markings in the form of dark brown squarish, 
rectangular, oval or irregular saddles; belly usually with 
at least two rows of dark markings on sides; usually 
7 supralabials (3 and 4" contacting orbital); prefrontals 
usually longer (and larger overall) than internasals: 
top of rostral clearly visible when head is viewed from 
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above; frontal usually largely to extensively pitted; inter- 
prefrontal sulcus moderate or (usually) deep .. D. scabra 


Dorsal markings in the form of dark brown to reddish- 
brown hourglass-shaped saddles (deeply to moderately 
constricted anteriorly and posteriorly); belly usually 
with single row of small dark markings at edges; 
usually 6 supralabials (2"! and 3“ contacting the orbital); 
prefrontals usually shorter (and often smaller overall) 
than internasals; top of rostral usually barely visible 
when head is viewed from above; frontal usually smooth 
to moderately pitted; inter-prefrontal sulcus weakly 
Miehked:Or imOderales i... 5 ere Ber soe poste D. loveridgei 


MULTIVARIATE ANALYSIS 


A total of 110 specimens (30 D. scabra: 10 males, 14 
females, 6 unsexed; 72 D. loveridgei: 24 males, 31 fe- 
males, 17 unsexed; eight D. confusa: at least one male, 
but ZMH R08914 is probably also a male based on its 
low ventral and high subcaudal counts, and six females) 
had complete sets of data and were used in the discrim- 
inant function analysis. Three variables (postoculars, 
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anterior temporals, posterior temporals) of the 13 exhib- 
ited little variation and were excluded from the model. 
In the analysis, 98.2% of specimens were correctly clas- 
sified, including all D. confusa, 96.7% of D. scabra and 
98.6% of D. loveridgei (Table 1). The only specimen of 
D. loveridgei misclassified (as D. scabra) was NUWN 
9567, which unusually had the prefrontals longer than 
the internasals and the rostral distinctly visible from 
above; while one specimen (NMWN 9228) of D. scabra 
atypically had a marginally pitted frontal (State 1) anda 
weak inter-prefrontal sulcus and was misclassified as a 
D. confusa. Dasypeltis loveridgei was for the most part 
distinguished from D. scabra and D. confusa along axis 
1, on which number of subcaudals (-0.93), the ratio total 
length/tail length (-0.83), prominence of the rostral scale 
(-0.67) and number of sublabials (-0.57) loaded most 
heavily; while D. /overidgei and D. scabra were for the 
most part distinguished from D. confusa along axis 2, on 
which subcaudals (1.51), total length/tail length (0.89) 
and depth of inter-prefrontal sulcus (-0.51) loaded most 
heavily (Fig. 12, Table 2). 


Table 1. Observed (rows) and predicted (columns) classifications of Dasypeltis (D. scabra, D. loveridgei) from Namibia and 
D. confusa from Angola and south-western Democratic Republic of the Congo according to the discriminant function analysis. 


% correct D. scabra D. loveridgei D. confusa 
0.273 0.655 0.073 
Dasypeltis scabra 96:7 29 0 1 
Dasypeltis loveridgei 98.6 1 71 0 
Dasypeltis confusa 100 0 0 8 
Total 98.2 30 Fi 9 


Table 2. Standardised coefficients for canonical variables in the discriminant function analysis of Dasypeltis (D. scabra, D. love- 
ridgei) from Namibia and D. confusa from Angola and south-western Democratic Republic of the Congo. 


Function 1 Function 2 
rostral -0.666154 -0.019163 
inter-prefrontal sulcus -0.234152 -0.508741 
sublabials -0.572065 0.020463 
subcaudals -0.928391 1.509666 
total length/tail length -0.829819 0.891548 
internasal / prefrontal 0.364874 0.166350 
midbody scale rows -0.268441 0.083595 
preoculars 0.024294 0.343310 
ventrals 0.156361 0.321922 
frontal -0.031251 -0.200775 
eigenvalue 9.600167 19322523 
cumulative proportion 0.878920 1.000000 
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Fig. 12. Discriminant function analysis of Dasypeltis scabra and D. loveridgei from Namibia, and D. confusa from Angola and 


south-western Democratic Republic of the Congo. 
DISCUSSION 


Mertens’ (1954) description of D. s. loveridgei provided 
only two supposedly diagnostic characters, namely the 
possession of hourglass-like markings on the back, and 
a suggestion that the new taxon had greater numbers of 
ventral plates than typical D. scabra. In D. loveridgei the 
saddles are in the form of an hourglass, often with the 
interspace between saddles similar in size to the saddles 
themselves, whereas in D. scabra the saddles are square, 
rectangular, oval, and/or a variety of other, often irregu- 
lar, shapes, and the interspaces between them are usually 
smaller than the saddles themselves. Also, in Namibian 
D. scabra the colour is never reddish-brown as in some 
populations of D. loveridgei (e.g., Fig. 8). 

Gans (1959) noted that Mertens (1954) had essentially 
named a new subspecies on the basis of its dorsal pat- 
tern. Although he treated D. s. Joveridgei as a synonym 
of D. scabra, Gans (1959) did in fact recognise its unique 
dorsal pattern, naming it “6N’. He listed several Namib- 
ian Dasypeltis specimens that fitted the ‘6N’ pattern, and 
noted (p. 117) that: “There is a reduction in the frequency 
of [the supralabial formula] 6(2,3) proceeding northward 
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within southwest Africa, with the three specimens [ac- 
tually two] from the Waterberg plateau and the Mossa- 
medes [SW Angola] record having 7(3,4) pattern.” Gans 
(1959, appendix 1) listed 33 specimens of Namibian Da- 
sypeltis with positive data for numbers of supralabials as 
well as dorsal colour pattern. Of these, only 10 snakes 
(from at least five localities) had the supralabial formula 
7 [3,4] on at least one side (usually both sides) of the 
head, and of these, three also had the ‘5N’ dorsal pat- 
tern (i.e., D. scabra). Instead of looking for a correlation 
between dorsal colour pattern and supralabial formula, 
Gans (1959) appears to have simply analysed all Namib- 
ian Dasypeltis together. Had he excluded the specimens 
with “SN’ patterns, the correlation between ‘6N’ dorsal 
pattern and 6 [2,3] supralabial formula (i.e., indicative 
of D. loveridgei) would have been more evident (see be- 
low). 

FitzSimons (1962) later recorded D. s. loveridgei from 
Namibia and noted that its colour pattern (shape of sad- 
dies and lateral markings) differed markedly from D. s. 
scabra. Although he emphasised that D. s. loveridgei 
had lower numbers of dorsal saddles (42—54), the present 
study indicated that there is considerable overlap in this 
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character between the two species and it does not appear 
to be diagnostic (36—65, mean 47.3, in D. loveridgei ver- 
sus 41-66, mean 51.7, in D. scabra). Broadley (1983, 
1990), using a larger sample, subsequently noted a lack 
of correlation between dorsal colour pattern and charac- 
ters such as supralabials, ventrals and subcaudals. 

However, the present study determined that there was 
indeed a strong correlation between colour pattern and 
supralabial formula in both morphotypes. In D. scabra 
85.4% of the sample (n = 48) had the typical D. scabra 
dorsal pattern ((SN’) of dark oval, squarish, rectangular 
or irregular-shaped saddles usually with elongate lateral 
markings, as well as the supralabial formula 7 [3,4] on at 
least one side of the head (91.8% [n = 49] had the typi- 
cal D. scabra dorsal pattern, and 91.8% [n = 49] had the 
supralabial formula 7 [3,4] on at least one side), whereas 
in D. loveridgei 87.4% (n= 103) had the typical D. Jove- 
ridgei dorsal pattern (“6N’) of hourglass-shaped saddles 
usually with squarish to irregular lateral markings, as 
well as the supralabial formula 6 [2,3] on at least one 
side of the head (97.1% [m= 104] had the typical D. /ove- 
ridgei dorsal pattern, and 90.3% [n = 103] had the supra- 
labial formula 6 [2,3] on at least one side). In a few cases 
the colour pattern assigned to a specimen did not match 
its species assignment (‘5N’ for D. scabra and ‘6N’ for 
D. loveridgei). For example, JV 95149 is considered 
D. scabra although it has a weakly ‘6N’-like pattern, but 
for this specimen and other such cases, the majority of 
morphological characters were D. scabra-like. The same 
applied to specimens of D. /overidgei with ‘5N’ or inter- 
mediate (‘SN/6N’) patterns. 

Regarding colour pattern, it has been suggested that 
D. loveridgei is a mimic of the horned adder Bitis cau- 
dalis (A. Smith, 1839), a thick-bodied viperid snake with 
a similar dorsal pattern (Branch 1998; Broadley 1983, 
1990; Dobiey & Vogel 2007; FitzSimons 1962; Mertens 
1954, 1955; Sternfeld 1908, 1910a-c; Werner 1902). In 
Namibia the distribution ranges of these two species 
overlap almost entirely (see Fig. 5 for D. loveridgei, and 
maps on p. 116 in Branch 1998 and p. 110 of Dobiey & 
Vogel 2007 for B. caudalis). The resemblance in dorsal 
markings between the two species, which also both have 
strongly keeled dorsal scales, can be quite remarkable 
(e.g., Branch 1998: pl. 13 figs 1, 3; Clauss & Clauss 
2002: 89). Both D. loveridgei and the horned adder are 
absent from the north-eastern parts of the country where 
only D. scabra occurs; and the species that the latter has 
been said to mimic, the common night adder Causus 
rhombeatus (Lichtenstein, 1823), occurs in the vicinity 
of the Caprivi in the north-east of Namibia (see Fig. 5; 
and maps in Branch 1998, Broadley 1990 and Dobiey & 
Vogel 2007). 

Two of Mertens’ (1954) paratypes of D. s. loveridgei 
were listed as follows: “2 Senck. Mus. Nr. 46371- 
72. Okahandja, Stdwesafrika; W. Hoesch 1.1952.” In 
his monograph on the amphibians and reptiles of South 
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West Africa, Mertens (1955) noted that one of the D. s. 
loveridgei paratypes (SMF 46372, female, Okahandja) 
had dorsal markings more similar to those of typical 
D. scabra, \eading him to wonder whether its locality 
information was correct. It can be confirmed that one of 
the paratypes, a female, shown in Fig. 13 where it bears 
the label SMF 46371, does indeed have the ‘5N’ dorsal 
pattern, as well as other features typical of D. scabra 
such as the supralabial formula 7 [3,4], prefrontals lon- 
ger than internasals, rostral clearly visible from above, 
and two rows of dark spots at the edges of the venter. 
This is clearly the same specimen referred to by Mertens 
(1954, 1955) and Gans (1959) as SMF 46372. The two 
specimens were collected at Okahandja and their details 
were recorded on the same label (Fig. 13) at the Senck- 
enberg Museum, Frankfort. Confusion as to which spec- 
imen was which may have resulted if the specimens did 
not previously have individual labels, but it could also be 
due to the labels being inadvertently switched, presum- 
ably after 1959. Several specimens of both species have 
in fact been collected in and around Okahandja in central 
Namibia (see lists of localities), and the two species also 
occur sympatrically at two other localities in that general 
area, namely Windhoek and Ja Dennoch, and parapatri- 
cally in several additional areas throughout the country 
(Fig. 5). Surprisingly, although D. scabra is quite wide- 
spread in the east of Namibia and in the Caprivi region, 
it was not recorded from the country by Mertens (1954, 
1953): 

The present study also confirms differences in ven- 
tral colour pattern. FitzSimons (1962) had referred to 
the ‘uniformly’ white underparts of D. /overidgei versus 
underparts with dark markings, especially at the edges, 
in D. scabra. Close inspection indicated that in 97.0% 
(n = 66) of D. loveridgei there are actually small dark 
markings on the lateral edges of at least some ventrals, 
forming vague rows (usually one) on either side of the 
belly, while in comparison, D. scabra usually has more 
extensive dark markings including, in most cases, at least 
two rows on either side of the belly. While as much as 
97.0% (n = 66) of the D. loveridgei sample had immac- 
ulate or weakly marked (single row of dark markings at 
the extreme edges) bellies, as much as 84.6% (n = 26) of 
D. scabra had well marked bellies (two or three rows of 
dark markings on either side, sometimes with additional 
scattered dark markings elsewhere on the belly). 

FitzSimons (1962) had suggested that D. s. loveridgei 
was smaller than the typical form, growing to 663 mm 
in total length (585 mm snout-to-vent + 78 mm tail), and 
later stated that it did not exceed 75 cm in (total) length 
(FitzSimons 1974). A larger female specimen (689 + 9] = 
780 mm) of D. /overidgei was examined in this study, but 
this is still smaller than the largest Namibian D. scabra, 
a female measuring 730 + 97 = 827 mm (another female 
had a SVL of 773 mm). The largest males in the pres- 
ent study measured 445 + 75 = 520 mm (D. loveridgei) 
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Fig. 13. Paratypes of Dasypeltis loveridgei Mertens, 1954 (SMF 46372 left, SMF 46371 right) from Okahandja, north of Wind- 
hoek, Namibia. SMF 46372 is a typical D. loveridgei, but SMF 46371 is a D. scabra. (Photo: Sebastian Lotzkat) 


versus 467 + 98 = 565 mm (D. scabra). Elsewhere in its 
range, D. scabra may attain an even greater size (e.g., 
female from Kenya: 867 + 95 = 962 mm, see Bates & 
Broadley 2018). It therefore seems that D. /overidgei is 
indeed a slightly smaller species than D. scabra. 
Regarding relative length of the tail, FitzSimons 
(1962) noted that it had been suggested that tail length of 
D. loveridgei was, on average, shorter than that of typi- 
cal D. scabra. The present study indicated considerable 
overlap in values when comparing total length/tail length 
in males and females of each species (D. loveridgei: 
males 5.74—8.10, mean 6.89, females 7.33—10.26, mean 
8.42; D. scabra. males 5.69-6.76, mean 6.25, females 
6.93—9.12, mean 8.23), and this is therefore not a reliable 
character for distinguishing between them. There was 
also considerable overlap in ventral, subcaudal and mid- 
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body scale counts, so these are also not, independently, 
especially useful characters for separating the two mor- 
photypes. 

The present study also examined a few characters 
not previously considered useful for separating the two 
taxa in Namibia. Frontal shield: usually smooth to mod- 
erately pitted in D. /overidgei versus usually largely to 
extensively pitted in D. scabra; inter-prefrontal sulcus: 
shallow to moderate versus usually deep respectively; 
prefrontal: usually shorter than internasal versus usually 
longer; and rostral: top of scale usually only barely visi- 
ble from above versus almost always distinct. 

This analysis indicates that D. scabra occurs in 
the Woodland and Shrubland-Woodland Mosaic of 
north-eastern Namibia, extending into the higher-lying 
central parts of the country, with a single record in the 


©LIB 


Taxonomy of Dasypeltis in Namibia 181 


south-west which may be associated with populations ex- 
tending northwards from the Northern Cape Province of 
South Africa (see Bates et al. 2014; Broadley 1990). Da- 
sypeltis loveridgei is widespread in the country but large- 
ly restricted to higher-lying areas mainly above 1000 m 
a.s.1. As noted above, the two species are sympatric at a 
few localities in central Namibia, and parapatric in sev- 
eral areas throughout the country. It should be noted that 
Goethel’s (2015a,b) concept of D. loveridgei is somewhat 
confused. His map (Goethel 2015a) indicates that this 
species occurs only in south-western Namibia (1.e., ex- 
cluding the type locality in the central part of the country) 
and a small part of the adjacent Northern Cape Province 
of South Africa, but he later (Géthel 2015b) states that it 
ranges northwards across Namibia to south-western An- 
gola and may also occur in the South African provinces 
of Free State, Gauteng and North West. 

The use of only one primary line of evidence (e.g., 
morphology) for distinguishing between species can be 
problematic especially when differences are small, and 
an integrative taxonomic approach using multiple lines 
of evidence is always preferable. However, the present 
study determined several largely consistent morpho- 
logical differences between the two species. Therefore, 
using morphological characters (see Table 3) as opera- 
tional criteria for species delimitation, together with the 
occurrence of the two morphs in sympatry in at least a 
few areas and allopatry in several areas (Fig. 5), with no 
obvious hybrids/intermediates, it is concluded that two 
Species are present in Namibia, namely D. scabra and 
D. loveridgei. The correlation between dorsal pattern 
(‘SN’ for D. scabra and ‘6N’ for D. loveridgei) and mor- 
phological characters is largely supported by the discrim- 
inant function analysis (Fig. 12, Tables 1—2). 

Populations in southern Namibia and the Northern 
Cape Province of South Africa, as well as north-western 
Namibia and south-western Angola, with similarities to 
D. loveridgei, are currently being investigated as part of 
a Study on the taxonomic status of Dasypeltis in the west- 
ern half of southern Africa that involves both a molecular 
phylogeny and an analysis of morphological traits (Bates 
et al. in prep.). 
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natural history museums in London and Berlin in September 
and October 2011 was funded by the Reptile Speciation Project 
(a South African National Research Foundation [NRF] grant 
to Krystal A. Tolley, South African National Biodiversity Insti- 
tute, Cape Town), and a visit to the Royal Museum for Central 
Africa in Tervuren in October 2012 was made possible by an 
African Biodiversity Information Centre scholarship (special 
thanks to Danny Meirte). 
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Table 3. Comparative morphological data for Dasypeltis scabra and D. loveridgei in Namibia. Asterisks indicate characters useful 


for distinguishing between the two species. 


Dasypeltis scabra Dasypeltis loveridgei 
* dorsal pattern “SN’ in 91.8% ‘6N’ in 97.1% 
n= 49 n= 104 
pattern cycles on back 41-66 36-65 
S17 LARS 47.3+5.37 
n=47 n=99 
* dark markings on belly 2—3 rows on either side, 0-1 rows on either side 
or extensively marked, in 97.0% 
in 84.6% n= 66 
n= 26 
maximum size (snout-vent length + tail 3 3 
length) 467 SVL + 98 mm tail 445+ 75 mm 
(TMP 39329) (ZMB 5754) 
n=15 n= 38 
= 
730 + 97 mm 689 + 91 mm 
(NMWN 2292), (JV 8646) 
773 mm (NMWN 253) n= 36 
n=21 
*supralabials 7 [3,4] in 85.7% 6 [2,3] in 81.6% 
n=49 n=103 
*length of prefrontal compared to internasal PF > IN in 90.5% IN > PF in 84.4% 
n= 42 n=90 
*rostral visible from above Distinct in 97.6% Barely visible in 93.1% 
n= 42 n= 87 
* frontal texture Largely to extensively pitted Smooth to moderately pitted 
(States 3-4 ) in 76.6% (States 0-2) in 68.3% 
n=47 n= 101 
*sulcus between prefrontals Deep in 68.1% Shallow to moderate 
n=47 in 98.0% 
n=102 
total length/tail length 3 e 3 Q 
5.69-6.76 6.93-9.12 5.74-8.10 7.33-10.26 
6.25+0.38 8.23 + 0.66 6.89 + 0.54 8.42 + 0.55 
n=14 n=19 n= 38 n= 35 
ventrals 3 e 3 e 
204-220 212-240 202-226 212-236 
210.0 + 4.36 224A SAG 21AStS 38° 9225 76.25 
n=15 n=22 n= 40 n= 36 
subcaudals 5 3 Z 
51-62 41-55 47-60 38-50 
56,6:4°3.32 48.3+3.61 52.7 + 3.00 45.2+2.80 
n=14 n=21 n=4l1 n= 34 
midbody scale rows 3 2 ei Q 
22-26 23-28 22-25 23-27 
24.1 + 1.28 24.8+ 1.15 23.4+0.78 24.2+0.97 
n=15 n= 23 n= 39 n= 35 
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APPENDIX I 


(electronic supplement, available at www.zoologicalbulletin.de) 


Appendix I. Size, scalation and colour pattern data for 
Dasypeltis from Namibia. Values in bold refer to characters 
examined/determined by the author. In some cases most or all 
data was obtained from Mertens (1954, ssuperscripted 1), Gans 
(superscripted 2) and D. G. Broadley (superscripted 3). In a few 
cases most characters were determined by the author, but some 
values were taken from Gans (1954, underlined) and Broad- 
ley (italicised). Values separated by a forward slash refer to left 
and right sides of the head, respectively. Abbreviations: Y = 
yes (1.e., deep), F = fair (1.e., moderate), N = no (i.e., shallow), 
SD = semi-divided, Und = undivided, Div = divided, fragm. = 
fragmented, IN = internasal, PF = prefrontal, + in column AA 
indicates extensive markings elsewhere on belly. 
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Abstract. The Nearctic genus Drepanaphis Del Guercio, 1909 currently includes 16 species with similar morphometric 
features, and three-dimensional structures may be important in species identification. The form (shape) of the dorsal ab- 
dominal tubercles, however, can be distorted by mounting on microscopic slides and this ultimately clouds diagnostic 
characters. This paper focuses on the identification of three species belonging to the genus Drepanaphis: Drepanaphis ac- 
erifoliae (Thomas, 1878), D. kanzensis Smith, 1941 and D. sabrinae Miller, 1937, to show the apparent differences of the 
structures of the examined individuals based on analysis of material deposited in museum collections and freshly collected 
material. To verify structural differences more precisely, we used Scanning Electron Microscopy to depict morphological 
characters accurately and DNA barcoding to analyze individuals at the molecular level. 


Key words. COI, Drepanaphis acerifoliae, Drepanaphis kanzensis, Drepanaphis sabrinae, dorsal abdominal tubercle, 


SEM. 


INTRODUCTION 


The correct identification of species is a basis of system- 
atic and biology because it is the starting point for most 
organismal research studies (Iverson 2022). When a spec- 
imen is collected in the field and becomes a museum spec- 
imen (or is included in any entomological collection), it 
should be properly prepared for its preservation. In addi- 
tion, the appropriate conservation of collected specimens 
and their metadata provides an important source of in- 
formation for wider taxonomic, biogeographic or molec- 
ular studies (Newbold 2010). However, morphological 
structures can become distorted by immersion in alcohol 
or after mounting on a microscope slide. Ultimately, this 
changes the morphology and can make species identifica- 
tion difficult. Comparison with type material is import- 
ant because it not only confirms morphological species 
identifications but also provides temporal (e.g., date of 
collections), ecological (e.g., host plant), and geographi- 
cal (e.g., collection locality) data. These data, especially 
locality, are fundamental for defining species as endem- 
ic/native, adventive/invasive, and sympatric/allopatric. 
They also aid in determining identity when compared 
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to the known distribution of a species, or they can lead 
to hypothesizing a new species (Miller et al. 2018). For 
some species, however, it happens that the type material 
has been lost or is in poor condition, and the compar- 
ative analysis of morphometric features is impossible. 
In such cases, it is necessary to critically evaluate the 
Species diagnostic characters and compare with as many 
similar museum specimens as possible, thereby clarify- 
ing its taxonomical status. When diagnostic characters 
are unclear or intraspecific phenotypic variation is large, 
the usability of DNA barcoding, 1.e., sequencing a frag- 
ment of the mitochondrial cytochrome oxidase subunit I 
(COI) gene, has been used for additional diagnostic data 
in many animal groups for species identification (Hebert 
et al. 2003; Foottit et al. 2008; Kekkonen & Hebert 2014; 
Depa et al. 2012). Lastly, additional species diagnostic 
characters have been obtained from the comparison of 
micromorphological structures of closely related species 
using scanning electron microscopy (SEM) (Kumar et al. 
2014). Thus, integrative taxonomy is a comprehensive 
framework to delimit and describe taxa by integrating in- 
formation from different types of data and methodologies 
(Pante et al. 2015). 
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Aphids (Hemiptera: Aphididae) are difficult to identify 
and taxonomically verify due to seasonal polymorphism 
and complicated life cycles. This is particularly the case 
for the largest aphid genera Aphis Linnaeus, 1758 and 
Cinara Curtis, 1835, where the similarities among spe- 
cies are so considerable, that species identification is of- 
ten based on DNA sequence data (Jousselin et al. 2013; 
Chen et al. 2013, 2016). 

Within the Aphididae, less speciose genera such as 
Drepanaphis Del Guercio, 1909 present challenges 
in morphological taxonomy. Drepanaphis is a Nearc- 
tic genus with 16 species (Favret 2023) having similar 
morphometric characters. A prominent feature of the 
dominant generation, the alate viviparous females, 1s 
the dorsal abdominal tubercles that are variably devel- 
oped on abdominal tergites I-IV and often conspicuous- 
ly pigmented. In addition to coloration of fore femora 
and wings, this feature is crucial in the determination of 
microscope slide-mounted specimens of Drepanaphis 
(Smith & Dillery 1968; Blackman & Eastop 2023). The 
dorsal abdominal tubercles are three-dimensional struc- 
tures which often become distorted during microscope 
slide preparation. This complicates species identification 
using the available keys for species determination within 
Drepanaphis. Thus, species delimitation in this genus can 
be very challenging using only microscopic slide-mount- 
ed specimens deposited in entomological collections. In 
this study, based on the identification of selected species 
of Drepanaphis, we focus on: (1) describing and quan- 
tifying the differences in the appearance of the diagnos- 
tic structures by comparing microscopic slide-mounted 
specimens deposited in museum collections with fresh 
collected material and living specimens; (2) showing 
discrepancies in the dimensions of significant structures 
(e.g., size of dorsal abdominal tubercles); (3) presenting 
the detailed structure of the dorsal abdominal tubercles 
using SEM and; (4) use of mitochondrial COI for species 
verification at the molecular level. 


MATERIALS AND METHODS 


Data collection and taxon sampling 

Fresh specimens of alate viviparous females of Drep- 
anaphis acerifoliae (Thomas, 1878) (six individuals), 
D. kanzensis Smith, 1941 (stx individuals) and D. sab- 
rinae Miller, 1937 (six individuals) were preserved in 
70% ethanol (Table 1). Species were initially identified 
based on diagnostic morphological features, includ- 
ing dorsal abdominal tubercles (Smith & Dillery 1968; 
Blackman & Eastop 2023), using a Nikon SMZ 25 ste- 
reoscopic microscope and photographed using a Nikon 
DS-Fi2 camera. 

Additionally, we examined 61 mounted slides of alate 
viviparous females of the following species of the ge- 
nus Drepanaphis: D. acerifoliae (45 slides), D. kanzen- 
sis (eight slides, including holotype from USNM) and 
D. sabrinae (eight slides) using a Nikon Ni-U light mi- 
croscope and photographed with a Nikon DS-Fi2 camera. 


Institutional abbreviations 


CAS = Biologické Centrum AV CR, vv.i., Ceské 
Budéjovice, Czech Republic 

MZLU- = Lund University Biological Museum, 
Lund, Sweden 

MNHN_ = Muséum national d’histoire naturelle, 
Paris, France 

NHMUK = Natural History Museum, 
London, UK 

USNM = US. National Museum of Natural History 
Aphidomorpha collection, located at the 
Henry A. Wallace Beltsville Agricultural 
Research Center, Beltsville, Maryland, 
USA 

DZUS = Entomology collection of University of 
Silesia, Katowice, Poland 

ZMPA = _ = Zoological Institute, Polish Academy of 
Sciences, Warsaw, Poland 


The detailed collection data are presented in Table 2. 


Table 1. Collection records and GenBank accession numbers of the studied aphid species. 


No species collection host plant locality coordi- collection GenBank __ reference 

date /collector nates no. 

1 Drepanaphis acerifoliae 24.09.2022 Acer Raleigh, North 35.7822 DZUS ~~ _KRO037245 (Gwiazdowski 
Kamila Malik rubrum Carolina, USA -78.6365 24/9.22 170 et al. 2015) 

2  Drepanaphis kanzensis 21.09.2022 A. saccha- Rahway, New 40.6211 DZUS OR573481 present study 
Kamila Malik rum Jersey, USA = -74.2854 21/9.22 171 

3. Drepanaphis sabrinae = 24.09.2022 A. saccha- Raleigh, North 35.7822 DZUS OR575052 present study 
Kamila Malik rum Carolina, USA -78.6365 24/9.22 172 

4  Dreapnosiphum aceris KR029857 (Henry et al. 

(Walker) 2015) 
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Table 2 (continued next two pages). List of analyzed species from museum collections. 
No species country state locality date det. leg. host plant collection 
collection 
1 Drepanaphis USA Utah Payson 18.06.1959 J.Holman G.F. Knowlt- Acer CAS 
acerifoliae on saccharinum 
2  Drepanaphis USA Utah Payson 18.06.1959 J.Holman G.F.Knowlt- A. sacchari- CAS 
acerifoliae on num 
3. Drepanaphis USA Utah Payson 18.06.1959 J.Holman G.F.Knowlt-  — A. sacchari- CAS 
acerifoliae on num 
4  Drepanaphis USA Utah Payson 18.06.1959 J.Holman G.F.Knowlt-  — A. sacchari- CAS 
acerifoliae on num 
5 Drepanaphis USA Utah Payson 18.06.1959 J.Holman G.F.Knowlt-  — A. sacchari- CAS 
acerifoliae on num 
6 Drepanaphis USA North Raleigh 05.07.1959 C.F.Smith C.F. Smith A. rubrum CAS 
acerifoliae Carolina 
7 Drepanaphis USA North Raleigh 06.07.1959 C.F.Smith C.F. Smith A. rubrum CAS 
acerifoliae Carolina 
8 Drepanaphis USA Minnesota  St.James 03.08.1960 Dille- A. sacchari- CAS 
acerifoliae ry&Smith num 
9  Drepanaphis USA Minnesota  St.James 03.08.1960 Dille- A. sacchari- CAS 
acerifoliae ry&Smith num 
10 Drepanaphis USA Utah Provo 21.06.1960 Pintera G.F. Knowlt- Acer sp. CAS 
acerifoliae on 
11. Drepanaphis USA North Franklin 26,06,1970 C.F.Smith A. sacchari- CAS 
acerifoliae Carolina num 
12 Drepanaphis USA Utah Payson 18.06.1959 J.Holman G.F.Knowlt- A. sacchari- CAS 
acerifoliae on num 
13. Drepanaphis USA Utah Provo 21.06.1960 Pintera G.F. Knowlt- Acer sp. CAS 
acerifoliae on 
14. Drepanaphis USA Utah Provo 21.06.1960 Pintera G.F. Knowlt- Acer sp. CAS 
acerifoliae on 
15 Drepanaphis USA Utah Salt Lake 21.06.1960 Pintera G.F.Knowlt-  — A. sacchari- CAS 
acerifoliae City on num 
16 Drepanaphis USA Utah Salt Lake 22.06.1960 Pintera G.F.Knowlt- A. sacchari- CAS 
acerifoliae City on num 
17 Drepanaphis USA Maine Presque Isle 10.09.1956 D.H.R.L Simpson A. saccharum Biolog- 
kanzensis ické Cen- 
trum AV 
CR 
18 Drepanaphis USA Kansas Hiawatha 02.09.1960 Dille- G.F.Knowlt- 4. saccharum CAS 
kanzensis ry&Smith on 
19 Drepanaphis USA North Raleigh 05.07.1959 C.F.Smith C.F. Smith A. rubrum MZLU 
acerifoliae Carolina 
20 Drepanaphis Canada Manitoba Winnipeg 15.07.1974 A.GRobinson A. sacchari- MZLU 
acerifoliae num 
21 Drepanaphis Canada Manitoba Winnipeg 28.06.1961 A.G.Robin- A. negundo MZLU 
acerifoliae son 
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Table 2 (continued). 
No species 
22 Drepanaphis 
acerifoliae 
23 Drepanaphis 
acerifoliae 
24 Drepanaphis 
acerifoliae 
25 Drepanaphis 
acerifoliae 
26 Drepanaphis 
acerifoliae 
27 Drepanaphis 
acerifoliae 
28 Drepanaphis 
acerifoliae 
29 Drepanaphis 
acerifoliae 
30 Drepanaphis 
acerifoliae 
31 Drepanaphis 
acerifoliae 
32. Drepanaphis 
acerifoliae 
33. Drepanaphis 
acerifoliae 
34 Drepanaphis 
acerifoliae 
35. Drepanaphis 
acerifoliae 
36 Drepanaphis 
acerifoliae 
37 Drepanaphis 
kanzensis 
38 Drepanaphis 
acerifoliae 
39 Drepanaphis 
sabrinae 
40 Drepanaphis 
acerifoliae 
41 Drepanaphis 
kanzensis 
42 Drepanaphis 
sabrinae 
43 Drepanaphis 
acerifoliae 


country 


Canada 


USA 


USA 


USA 


USA 


USA 


USA 


USA 


USA 


USA 


USA 


USA 


USA 


USA 


Canada 


USA 


USA 


USA 


USA 


USA 


USA 


state 


Quebec 


Florida 


Maryland 


Maryland 


Maryland 


Maryland 


Maryland 


Maryland 


Maryland 


Maryland 


Maryland 


Maryland 


Maryland 


Maryland 


Maryland 


Quebec 


Maine 


Maine 
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locality 


Orsainville 


Gainesville 


Beltsville 


Beltsville 


Beltsville 


Beltsville 


Beltsville 


Beltsville 


Beltsville 


Beltsville 


Beltsville 


Beltsville 


Beltsville 


Beltsville 


Beltsville 


Sainte-Foy 


Orono 


Orono 


District of North Caro- 


Columbia 
Fort Scott 


North 
Carolina 


California 
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lina 


Kansas 


Raleigh 


Lodi 


date 


collection 


20.08.1972 


02.02.1961 


29.06.1986 


29.06.1986 


29.06.1986 


29.06.1986 


29.06.1986 


29.06.1986 


29.06.1986 


29.06.1986 


29.06.1986 


29.06.1986 


29.06.1986 


29.06.1986 


29.06.1986 


12.09.1970 


09.09.1976 


09.09.1976 


22.10.1958 


17.06.1940 


10.11.1965 


04.02.1960 


det. 


W.Quednau 


Danielsson-87 


Danielsson-87 


Danielsson-87 


Danielsson-87 


Danielsson-87 


Danielsson-87 


Danielsson-87 


Danielsson-87 


Danielsson-87 


Danielsson-87 


Danielsson-87 


Danielsson-87 


Danielsson-87 


W.Quednau 


R.C.Dickson 


leg. 


W.Quednau 


C.F.Smith 


W.Quednau 


C.F. Smith 


host plant 


A. rubrum 


A. saccharum 


A. sacchari- 
num 

A. sacchari- 
num 


A. sacchari- 
num 

A. sacchari- 
num 


A. sacchari- 
num 

A. sacchari- 
num 

A. sacchari- 
num 

A. sacchari- 
num 

A. sacchari- 
num 


A. sacchari- 
num 

A. sacchari- 
num 


A. sacchari- 
num 

A. saccharum 

A. sacchari- 
num 

A. saccharum 

A. rubrum 
A. saccharum 


A. saccharum 


Acer sp. 


collection 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MZLU 


MNHM 


MNHM 


USNM 


USNM 


USNM 


NHMUK 
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Table 2 (continued). 
No species country state locality date det. host plant collection 
collection 

44 Drepanaphis USA North Cherokee 16.10.1961 A. rubrum NHMUK 
acerifoliae Carolina 

45 Drepanaphis USA North Cherokee 17.10.1961 A. rubrum NHMUK 
acerifoliae Carolina 

46 Drepanaphis USA California’ Berkeley 20.10.1963 D.H.R.L A. sacchari- | NHMUK 
acerifoliae num 

47 Drepanaphis USA California’ Berkeley 20.10.1963 D.H.R.L A. sacchari- | NHMUK 
acerifoliae num 

48 Drepanaphis Canada Ontario Unionville wrz.60 J.Sypkens A. rubrum NHMUK 
kanzensis 

49 Drepanaphis Canada Ontario Unionville wrz.60 J.Sypkens A. rubrum NHMUK 
kanzensis 

50 Drepanaphis USA Utah Logan 03.10.1957 A. grandiden- — NHMUK 
kanzensis Canyon tatum 

51  Drepanaphis USA North Raleigh 05.07.1959 C.F. Smith A. saccharum NHMUK 
sabrinae Carolina 

52  Drepanaphis USA North Raleigh 0507-1959 C.F.Smith A. saccharum NHMUK 
sabrinae Carolina 

53 Drepanaphis USA North Raleigh 05.07.1959 C.F.Smith A.saccharum NHMUK 
sabrinae Carolina 

54 Drepanaphis USA North Raleigh 507-1959 C.F. Smith A. saccharum NHMUK 
sabrinae Carolina 

55 Drepanaphis USA North Raleigh 05.07.1959 C.F.Smith A. saccharum NHMUK 
sabrinae Carolina 

56 Drepanaphis USA Minnesota Saint Paul 05.07.1959 A. saccharum NHMUK 
sabrinae 

57 Drepanaphis Canada — Ontario London 22.06.1952. C.H.N.Smith A. saccharum ZMPA 
acerifoliae 

58 Drepanaphis USA North Raleigh 05.07.1959 C.F.Smith A. rubrum ZMPA 
acerifoliae Carolina 

59 Drepanaphis USA North Raleigh 05.07.1959 C.F. Smith A. rubrum ZMPA 
acerifoliae Carolina 

60 Drepanaphis USA North Raleigh 507 1859 C.F.Smith A. rubrum ZMPA 
acerifoliae Carolina 

61 Drepanaphis Canada Ontario Ottawa 27.09.1952. C.H.N.Smith A. saccharum ZMPA 
kanzensis 

Measurements Due to the different condition of the slide mounted 


The dorsal abdominal tubercles of 18 fresh individu- 
als (six in D. acerifoliae, six in D. kanzensis, and six in 
D. sabrinae) were measured from the base of the tubercle 
to its tip in every pair of tubercles by a Nikon NIS Ele- 
ments D 4.50.00 64-Bit software and presented in milli- 
meters (mm). Measurement examples are illustrated in 


Fig. 9 G-I. 
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samples, dorsal abdominal tubercles of 36 individuals 
(16 in D. acerifoliae, eight in D. kanzensis, and 12 in 
D. sabrinae) were measured from the base of the tubercle 
to its tip in every pair of tubercles by a Nikon NIS Ele- 
ments D 4.50.00 64-Bit software and presented in milli- 
metres (mm). 
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Scanning electron microscopy 

We prepared two individuals of D. acerifoliae, D. kan- 
zensis and D. sabrinae for SEM analysis. Each specimen 
was stored in 70% ethanol prior to imaging. Dehydration 
was provided by ethanol series of 80%, 90%, 96% and 
two changes of absolute as follows: 20 minutes in 80% 
ethanol, 15 minutes in 90% ethanol, 10 minutes in 96% 
ethanol, and two baths in absolute ethanol 10 minutes. 
The dehydrated samples were dried, stuck on the tables, 
sprayed with 30 nm of gold, and imaged with the Phe- 
nom XL field emission scanning electron microscope 
(Phenom-World B.V., Eindhoven, The Netherlands). 


DNA extraction, PCR amplification, sequencing and 
alignment 

Sampled alate viviparous females (five individuals of 
D. kanzensis and D. sabrinae) were preserved in 96% 
ethanol and then used for genomic DNA extraction. All 
extraction procedure followed the A&A Biotechnology 
protocol provided by the manufacturer, using Sherlock 
AX extraction kit. The 5-prime end of the mitochondri- 
al COI barcode region was amplified using the primers 
LCO1490 (Forward: 5’-GGT CAA CAA ATC ATA AAG 
ATA TTG G-3’) and HCO2198 (Reverse: 5’-TAA ACT 
TCA GGG TGA CCA AAA AAT CA-3’) (Folmer et al. 
1994). The PCR reaction included Color OptiTaq PCR 
Master Mix (EURx) and was performed on a Biometra 
TProfessional Basic Gradient thermocycler. The thermal 
profile of the PCR reaction was: initial denaturation 94°C 
— 60 s; denaturation 95°C — 40 s, annealing 45°C — 45 s, 
elongation 72°C — 60 s, extension 72°C — 180 s, number 
of cycles: 35. The amplicons were sequenced in both di- 
rections at GenoMed Warsaw. Raw chromatograms were 
viewed using Chromas ver. 2.6.6 software (Technelysi- 
um Pty Ltd. 2004) and edited with MEGA11 (Tamura 
et al. 2021). Alignments were made for each gene using 
Clustal W (Larkin et al. 2007) using default settings. 
From obtained sequences, the best were selected for fur- 
ther analysis. The resulting sequences were deposited in 
the GenBank (Table 1). 


RESULTS 


(1) Differences in appearance of diagnostic structures by 
comparing microscopic slides deposited in museum col- 
lections with freshly collected material and living spec- 
imens. 

Drepanaphis acerifoliae is characterized by long, 
finger-like dorsal abdominal tubercles (d.a.t.) I and 
Ill. D. kanzensis has large, black d.a.t. II, while D. sab- 
rinae 1s distinguished by d.at. II and HI being large 
and sub-equal. These are the most important morpho- 
logical differences of the species used for identifica- 
tion (Smith & Dillery 1968; Blackman & Eastop 2023). 
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However, initial verification of these species based on 
type specimens may not provide key information on di- 
agnostic characteristics. For example, in the holotype of 
D. kanzensis, d.a.t. are invisible (Fig. 1A). Among the 
remaining analyzed material from museum collections 
d.a.t. HI are distinct (Fig. 1B). Some, however, are de- 
formed. For example, the tubercles may overlap, mak- 
ing the whole d.at asymmetrical (Fig. 1C), whereas 
d.a.t. II are short or weakly visible and d.a.t. I and IV 
are inconspicuous (Fig. 1C—E). D. acerifoliae with d.a.t. 
I-IV conspicuous and d.a.t. I, HI long and finger-like 
(Fig. 2A), seems to be the most characteristic and easiest 
species to identify in the genus Drepanaphis (Smith & 
Dillery 1968). However, a comparative analysis of mu- 
seum material shows that it is sometimes confused with 
D. sabrinae (Fig. 3A). In particular, d.a.t. of D. acerifo- 
liae are sometimes deformed (Fig. 2B) or only one pair 
of four is visible (Fig. 2C). In the case of D. sabrinae, 
mostly all d.a.t. overlap (Fig. 3B—C) and it is difficult 
to determine which are largest or of equal length, as is 
noted in the key of Smith & Dillery (1968). Therefore, 
species determination may be difficult in the examination 
of traditional microscope slides for Drepanaphis species 
where three-dimensional structures in the form of dorsal 
processes are key features. A solution for more accurate 
species identification may be mounting the specimen ina 
lateral orientation. However, few examples of such pre- 
served material have been found in museum collections 
(Fig. 4A-C). 

The study of species based on the fresh, not slide-mount- 
ed material, allows for a more detailed analysis of the 
indicated structures. In specimens of D. kanzensis d.a.t. 
I-IV are all clearly visible (Fig. 5A—C), whereas d.a.t. 
II and IV were practically not visible on any specimens 
from museum collections studied. The comparison of 
the fresh materials of D. acerifoliae and D. sabrinae un- 
derscores the usefulness of the features of three-dimen- 
sional dorsal tubercles in distinguishing these species. In 
D. acerifoliae, all d.a.t. are visible, with clear proportion 
between each pair and reflecting the size included in the 
Smith & Dillery (1968) key: I and II the largest pair, I 
and IV smaller (Fig. 6A—C). In D. sabrinae, all d.a.t. are 
conspicuous, symmetric, and clearly proportional to each 
other (Fig. 7A—C). The arrangement of the dorsal tuber- 
cles is visible in every projection of the body and is best 
observed when the insect is in the lateral view (Figs 5A, 
6A, 7A). 

Live images further emphasize species differences. In 
the photographed individual of D. acerifoliae (Fig. 8A— 
C), color features such as red eyes, head and thorax 
reddish brown, light-colored abdomen and distinctly 
dark-bordered wing veins, are a unique combination of 
characters for this species. Morphological features, such 
as size and arrangement of dorsal tubercles, and wax 
markings are also visible. Macrophotography 1s, there- 
fore, a good tool for identification and documenting the 
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Fig 1. Drepanaphis kanzensis Smith, 1941. A. Holotype. B. Slide-mounted specimens with clearly visible dorsal abdominal tuber- 
cles. C—E. Slide-mounted specimens with deformed dorsal abdominal tubercles. 


characteristics of species belonging to the genus Drepa- 
naphis. It is, however, rarely used. Conversely, for some 
species such as D. kanzensis and D. idahoensis, which 
are entirely covered with white wax, this may not be a 
sufficient method to distinguish species (Fig. 8D—E). 


(2) Discrepancies in the dimensions of key diagnostic 
structures — the size of dorsal abdominal tubercles 

Smith and Dillery (1968) emphasized the importance 
of the size of the arrangement of d.a.t., as key features 
in the identification of aphids of the genus Drepanaphis 
(Fig. 9A—C). Often when analyzing individual museum 
specimens, it is difficult to measure the lengths of each 
d.a.t. because (I) the tubercles overlap and their place- 
ment is not visible, (II) the tubercles are not visible at all, 
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(III) the tubercles are deformed by the microscope slide 
and it is difficult to determine size range (Fig. 9D-F). 

In specimens of D. kanzensis from museum collec- 
tions, only the third pair of tubercles is visible, while 
the second and third pairs are indiscernible (Fig. 9D). 
Measurements performed on fresh specimens in a later- 
al position make it possible to additionally measure the 
second and fourth pair of tubercles and in the case of this 
species they will be appropriate: II pair 0.07—0.11 mm, 
II pair 0.19-0.28 mm, IV pair 0.04—0.07 mm (Fig. 9G). 
In measurements carried out on eight individuals of this 
species from museum collections, it was possible to mea- 
sure only the third pair of tubercles, the size of which was 
0.2-0.28 mm (Table 3). 
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1mm 


Fig 2. Drepanaphis acerifoliae (Thomas, 1878). A. Slide-mounted specimens with clearly visible dorsal abdominal tubercles (LM). 
B-C. Slide-mounted specimens with deformed dorsal abdominal tubercles (LM). 


\ 1mm 


Fig 3. Drepanaphis sabrinae Miller, 1937. A. Slide-mounted specimens with clearly visible dorsal abdominal tubercles. 
B-C. Slide-mounted specimens with deformed dorsal abdominal tubercles. 
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Fig 4. Lateral view of slide-mounted specimens. A. Drepanaphis kanzensis Smith, 1941. B. Drepanaphis acerifoliae (Thomas, 


1878). C. Drepanaphis sabrinae Miller, 1937. 


A B 


Fig 5. Fresh specimen of Drepanaphis kanzensis Smith, 1941. A. Lateral view. B. Frontal view. C. Dorsal view. 


In the case of museum specimens of D. acerifoliae, it 
is difficult to measure the length of the second pair of 
tubercles for two reasons: (I) the tubercles of the second 
pair are lighter than the others, (II) the tubercles over- 
lap. In half of the 16 specimens from museum collections 
measured we found it difficult to measure the second pair 
(Fig. 9E). When measuring fresh material, the second 
d.a.t. is clearly visible and an accurate measurement of 
0.14 mm is possible (Fig. 9H). Good positioning of in- 
dividuals on a microscope slide, including lateral posi- 
tion also gives similar results for tubercle measurements 
obtained from measurements of fresh material. Lengths 


of the tubercles of D. acerifoliae as follows: I pair 0.18— 
0.28 mm, II pair 0.07—0.14 mm, III pair 0.27-0.37 mm, 
IV pair 0.07— 0.15 mm (Table 3). 

Measurements carried out on fresh D. sabrinae materi- 
al make it possible, above all, to observe the proportions 
between selected tubercles. Because D. sabrinae is the 
only species in the genus Drepanaphis that has a second 
and third pair of equal length, it is necessary to carefully 
measure these structures. When measuring the material 
from museum collections, in four out of 12 individuals 
the second and third pairs of tubercles completely over- 
lapped and they were impossible to measure (Fig. 9F). 


Table 3. Measurements of the dorsal abdominal tubercles of D. acerifoliae (Thomas, 1878), D. kanzensis Smith, 1941 and D. sab- 
rinae Miller, 1937 based on slide-mounted specimens and the fresh material. 
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Species and I pair of d.a.t II pair of d.a.t III pair of d.a.t IV pair of d.a.t 
No | number of individu- | mounted fresh mounted fresh mounted fresh mounted fresh 
als mounted/fresh | specimens specimens | specimens specimens | specimens specimens | specimens specimens 
D. acerifoliae 
1 16/6 0.14-0.28 0.18-0.28 | 0.07-0.14 0.07-0.14 | 0.23-0.37 0.27-0.37 | 0.04—-0.06 | 0.07—-0.15 
n= 
D. kanzensis 
2 - ~ - 0.07-0.11 | 0.2-0.28  0.19-0.28 — 0.04—0.07 
n= 8/6 
D. sabrinae 
3 106 0.09-0.15 0.09-0.15 | 0.12-0.23 0.13-0.23 | 0.12-0.23 0.13—0.23 | 0.03-0.07 | 0.04—0.07 
n= 
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Fig 6. Fresh specimen of Drepanaphis acerifoliae (Thomas, 1878). A. Lateral view. B. Frontal view. C. Dorsal view. 


A 


1mm 


Fig 7. Fresh specimen of Drepanaphis sabrinae Miller, 1937. A. Lateral view. B. Frontal view. C. Dorsal view. 


In the remaining individuals, the measurements were 
appropriate: I pair 0.09-0.15 mm, II pair 0.13-—0.23 mm, 
II pair 0.13—0.23 mm, IV pair 0.04—0.07 mm (Fig. 91). 
This also coincides with the dimensions of the tubercles 
obtained from measurements of fresh material of D. sab- 
rinae (Table 3). 


(3) Detailed structure of the dorsal abdominal tubercles 
using SEM 

Verification of species using SEM techniques primarily 
allows for high magnification/resolution examination of 
the shape of the tubercles and their tips. On slide-mount- 
ed museum specimens only the general shape of the tu- 
bercles is visible. Even on the highest magnification, it is 
difficult to accurately identify the structures at their tips 
(Fig. 1|OA—C). Using SEM, we were able to measure the 
sensilla on the tips of tubercles in detail, whose size is 
20—25um. In addition, SEM images precisely illustrate 
the position of the tubercles on the abdomen, because the 
tubercles of each pair may grow on the abdomen inde- 
pendently or be connected at the base and branch at the 
tips. In D. acerifoliae, pairs of d.a.t. I, [and IV arise from 
the abdomen independently of each other. The third pair 
of d.a.t. is elongated and each of the tubercles branches 
less than half the length of the process (Fig. 10D). D. kan- 
zensis also has a third pair of d.a.t. fused at the base and 
fork-branched at the ends (Fig. 10E). D.a.t. I and IV of 
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D. sabrinae are independent and not fused basally; d.a.t. 
II and III are fused at the base (Fig. 10F). 


(4) Mitochondrial COI as species verification at the mo- 
lecular level 

Our mitochondrial COI analysis further supported each 
of the three Drepanaphis species examined in this study 
as distinct species based on DNA sequence data. The in- 
terspecific pairwise genetic distances ranged from 7.14% 
to 10.55% (Table 4). These sequence divergences reflect 
the species differentiation sequence divergences of great- 
er than 3% which are applicable for 96% of the Aphidi- 
dae (Foottit et al. 2008). 


DISCUSSION 


Natural history collections are amazing resources that 
document the world’s biodiversity in space and time 
(Miller et al. 2018). They are also an invaluable source 
for comparative research. Drepanaphis is an example 
of a genus characterized by few morphological features 
useful for species discrimination. Therefore, Smith and 
Dillery (1968) divided species described in this genus 
into five groups. The dorsal abdominal tubercles are a 
key diagnostic feature of the entire genus Drepanaphis. 
These structures are so unique that they are an import- 


©LIB 


Integrative taxonomy of Drepanaphis Del Guercio, 1909 195 


AL Shelby Go Gsak Mountain SP 20211014 (30) Charny 


Fig 8. Live specimens. A—C. Drepanaphis acerifoliae (Thomas, 1878). A. Lateral view. B. Frontal view. C. Dorsal view. D. Drep- 
anaphis kanzensis Smith, 1941, lateral view. E. Drepanaphis idahoensis, dorsal view. A—D. Image copyright V. Charny, under a 


Creative Commons 3.0 License. 


ant starting point for identification. In this study, our data 
have shown that deformation of these structures can lead 
to misidentification of the species. In the sampled muse- 
um material from NHMUK, four slides (eight individu- 
als) of D. acerifoliae were mistakenly labeled as D. sab- 
rinae, and the latter confused with D. carolinensis Smith. 
D. sabrinae has pairs of tubercles Hf and HI equal, where- 
as D. acerifoliae has the third pair largest. The latter ar- 
rangement occurred on these individuals which indicated 
wrong determinations. These three species were placed 
in a group named acerifoliae-group (Smith & Dillery 
1968). Since host plants and morphometric features over- 
lap in these species, the most important diagnostic fea- 
ture 1s the size of the dorsal abdominal tubercles, which 
are usually distorted in microscope slides. In the case of 
species 1n which morphometric features fail, analysis of 


fresh material 1s required. Even though D. kanzensis has 
not been classified by Smith and Dillery (1968) to any of 
the species groups, some museum specimens (e.g., from 
NHMUK) were confused with D. idahoensis. In the field, 
D. kanzensis is all white (waxy) with clear wings, pale 
legs, and a large, black d.a.t. III. None of the other white 
species has clear wings with pale legs except D. idahoen- 
sis, which is western in its distribution in North America 
and has blunt rather than pointed d.a.t. setae (Smith & 
Dillery 1968). Correct identification of these two spe- 
cies, therefore, benefits from use of a combination of 
features resulting from macro- and microscopic observa- 
tions. Preparation of lateral microscope slide mounts for 
Drepanaphis should also be used to avoid dorso-ventral 
distortion of abdominal tubercles. This would be espe- 


Table 4. p-distance and nucleotide divergence (expressed as percentage) of studied species of the genus Drepanaphis Del Guercio, 


1909. 
2 3 
1 Drepanaphis sabrinae 
2 Drepanaphis kanzensis 7.14 
3 Drepanaphis acerifoliae 9.35 L055 
4 Drepanosiphum aceris 15.69 13.83 13-28 
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Fig 9. Dorsal abdominal tubercles. A, D, G. Drepanaphis kanzensis Smith, 1941. B, E, H. Drepanaphis acerifoliae (Thomas, 1878). 
C, K, L. Drepanaphis sabrinae Miller, 1937. A—C. Redrawn from the original description Smith & Dillery 1968. D—F. Slide-mount- 


ed specimens. G—I. Measured on the fresh specimens. 


cially prudent for long series of specimens from a single 
sample. 

Accurate morphometric measurements can also be use- 
ful in analyzing many groups of insects. Studies conduct- 
ed by Seifert (2002) clearly indicate that careful mea- 
surements can distinguish even very similar species of 
ants. However, basic measuring errors occurring during 
stereomicroscope research may increase the percentage 
of individuals outside the range of interspecies overlap 
and correct identification (Seifert 2002). Comparisons of 
morphological characters, morphometric variables and 
morphometric ratios of type specimens and individuals 
from various localities were also successfully carried 
out for aphids. In particular, multivariate morphomet- 
ric analyses (1.e., multiple discriminant analysis and the 
use of canonical variates) have demonstrated differenc- 
es between closely related taxa or samples from clearly 
defined populations (Foottit et al. 2010; Wieczorek et al. 
2017; Skvarla et al. 2020; Namgung et al. 2022). Due to 
the time-consuming process of taxonomic verification by 
morphological measurements, the interest in automatic 
identification of species has increased (Gaston & O’Neill 
2004). For example, Yang et al. (2015) designed an iden- 
tification system using insect wing outlines (DAIIS). The 
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method provides a very high level of correct verification 
and a simple taxonomic tool especially for users who do 
not have extensive knowledge of algorithms and pro- 
graming (Yang et al. 2015). However, the experiments 
were carried out only on individuals from the group Neu- 
roptera and it is difficult to verify the effectiveness of the 
method on other winged insects. Automatic species veri- 
fication is costly, which significantly limits its implemen- 
tation in species classification (Gaston & O’ Neill 2004). 
Such novel taxonomic approaches may not provide suffi- 
cient results on all groups, but it is promising in the case 
of insects represented only by the generation of winged 
viviparous fermales, as in the case of the genus Drep- 
anaphis. Classical methods of species verification such 
a conventional light microscopy can be strengthened by 
detailed observations of body structures in SEM images. 
Evaluation of morphometric variation at the macro- and 
micro-morphological levels using SEM for taxonomic 
differentiation of closely related taxa of insects (includ- 
ing aphids) is increasingly used (Kanturski et al. 2015, 
2018a, 2020, 2023; Mittné et al. 2022). Our SEM work 
with of Drepanaphis has resulted in morphological dis- 
cernment and reveals new diagnostic features, such as the 
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Fig 10. Dorsal abdominal tubercles. A, D. Drepanaphis kanzensis Smith, 1941. B, E. Drepanaphis acerifoliae (Thomas, 1878). 
C, F. Drepanaphis sabrinae Miller, 1937. A—C. Slide-mounted specimens in light microscopy. D—-F. Specimens from scanning 


electron microscopy (SEM). 


size of d.a.t sensilla and the position of each pair of the 
tubercles on abdomen. 

The combination of precision morphological compar- 
isons at the macro- and microscopic levels along with 
DNA sequence data add to our understanding of species 
delimitation. The most commonly used gene for species 
delimitation in animals is cytochrome c oxidase subunit I 
(COI) (Machida et al. 2017). COI species profile allows 
for 100% identification success even in one of the most 
taxonomically diverse groups of Lepidoptera, which 
show low sequence divergences (Hebert et al. 2003). He- 
bert et al. (2003) found that the distance between con- 
specific individuals of lepidopterans were always small, 
with an average intraspecific genetic distance of 0.25%. 
Later, the intraspecific genetic variation in other insect 
groups was mainly deduced from the DNA barcoding 
studies of various taxa (reviewed by Zhang & Bu 2022). 
In aphids, this effective tool was also widely used for 


Bonn zoological Bulletin 72 (2): 185-199 


species diagnosis, describing cryptic species or closely 
related species delimitation (Foottit et al. 2008; Lozier 
et al. 2008; Lee et al. 2017; Kanturski et al. 2018b; Théry 
et al. 2018; Barjadze et al. 2022; Massimino Cocuzza 
et al. 2022; Wieczorek & Sawka-Gadek 2023). On the 
other hand, genera morphologically similar or closely 
related and belonged to species groups known to pres- 
ent taxonomic difficulties (e.g., Aphis, Brachycaudus, 
Dysaphis or Macrosiphum) also characterize undiffer- 
entiated or overlapping barcodes, which limits of the 
standard COI barcode fragment for their identification 
(Coeur d’acier et al. 2014). COI has not been the only 
gene marker used for aphid DNA barcoding, other genes 
from the mitochondrial genome (e.g., COII, Cytb) and 
from endosymbionts have been used for various aphid 
groups (Lozier et al. 2008; Wang et al. 2011; Chen et al. 
2012, 2013; Zhu et al. 2017). 
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Aphids are significantly economically important in- 
vasive pests throughout the world. Their correct iden- 
tification is complicated by similarity among species, 
polymorphism, complex life cycles and host plant rela- 
tionships. Relative ‘size’ of structures can also present 
some challenges that require statistical transformations 
for some measurements to be useful (Skavarla et al. 
2020). Spectroscopic methods using the chemical com- 
position of the body, heretofore little applied to aphids, 
may also be a means to achieve objective and quick iden- 
tifications of an insect (Barbosa et al. 2018; Durak et al. 
2022). 

Species identification is essential for integrated man- 
agement of pest aphids and for early detection and risk 
analysis of adventive species (Miller & Foottit 2017). 
Traditional morphological study can be inadequate with 
some aphid species determination. Therefore, integrated 
information from different sources like molecular data, 
morphological or biochemical characters, and ecological 
data can contribute substantially to effective identifica- 
tion of relatively homogeneous groups of species such as 
aphids of the genus Drepanaphis. 
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Abstract. We re-evaluate the taxonomic status of a poorly known and largely ignored hummingbird taxon, Lophornis 
melaniae Floericke, 1920, which was described from two male syntypes. Reported to have been destroyed, these speci- 
mens survive in the Staatliches Museum ftir Naturkunde Stuttgart. None of the three commentators on this case inspected 
this material and only one read Floericke’s original description. Comparison of the syntypes with specimen material and 
photographs available online of Rufous-crested Coquette L. delattrei (Lesson, 1839) and Spangled Coquette L. stictolo- 
phus Salvin & Elliot, 1873, suggests that, on the basis of its crest feathers being relatively densely packed and bushy rather 
than spiky, wiry and splayed, and on the broader distribution and greater number of dark spots on the crest, L. melaniae is 
a synonym of L. stictolophus rather than of L. delattrei, as had been postulated previously. 


Key words. Trochilidae, Lophornis, Lophornis melaniae, hummingbirds, South America, Colombia. 


In an illuminating commentary on the identity of an 
extremely little-known and largely ignored trochilid, 
Lophornis melaniae Floericke, 1920, Walters (1997) 
remarked that an accurate assessment of its taxonom- 
ic validity was impossible because the two male syn- 
types associated with this name “almost certainly no 
longer exist”. On the authority of the mammalogist 
Dr Hans-Walter Mittmann, then employed by the Sta- 
atliches Museum ftir Naturkunde Karlsruhe, Walters 
(1997) reported that “Floericke’s collection was stored 
at the Naturalienkabinett Stuttgart, and was completely 
destroyed during World War Two.” However, this has 
proved to be incorrect: by speculatively interrogating the 
now defunct online database www.systax.org (original- 
ly at http://www.systax.org/de/details/tax/200311; now 
at GBIF: https://www.gbif.org/occurrence/1038115330 
and https://www.gbif.org/occurrence/1038115306), in 
October 2021 GMK discovered that Floericke’s types of 
L. melaniae are extant and held in the Staatliches Muse- 
um fir Naturkunde Stuttgart (SMNS 30965 and SMNS 
30966), where he examined and photographed them in 
May 2022 (Figs. 1—2). 

Kurt (alternatively Curt) Floericke (1869-1934) stud- 
ied natural sciences in Breslau and Marburg (1889-93) 
before commencing commercial trade in skins and live 
birds. He made a number of research and collecting trips, 
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to the Balkans, Turkmenistan, Cyprus, Asia Minor, Mo- 
rocco, Canary Islands and South America, some of them 
in the company of Otto Kleinschmidt (1870-1954), 
mainly in the period between 1898 and 1901 (Gebhardt 
2006). To date, however, we have not found more spe- 
cific details of these overseas expeditions, particularly 
to South America. From 1907 he was employed by the 
Stuttgart-based company Kosmos, and thereafter he was 
extraordinarily productive, writing several books and 
many hundreds of articles (not only on natural history 
topics) for popular magazines and specialist literature, 
including his Mitteilungen tiber die Vogelwelt [News 
about the Bird World], in which he published several 
descriptions of new taxa (Gebhardt 2006). SMNS holds 
285 specimens from Floericke’s collection (it is not clear 
if he took all of them himself or acquired them by other 
means), including the two Lophornis melaniae (F. Woog, 
Stuttgart, in litt., 2022). Additional material of his is also 
known to be held by museums in Bonn and Sarajevo, 
and was formerly also in Budapest prior to the 1956 fire 
(Roselaar 2003: 327). 

The key passage in the original description of Lophor- 
nis melaniae reads as follows (translation from German 
by Isabelle Weiss and NJC, with our explanatory com- 
ments inserted in square brackets): 
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Fig. 1. Dorsal view of male syntype of Lophornis melaniae, SMNS 30965, held at the Staatliches Museum ftir Naturkunde Stuttgart 


(Guy M. Kirwan). 


“.. [have two male hummingbirds... which are more or 
less midway between reginae [Lophornis reginae Gould, 
1847! =L. stictolophus| and delattrei as far as the forma- 
tion of the ‘cap’ is concerned. Their crest feathers are nar- 
row and pointed, but not nearly as ray-shaped or filiform 
as those of de/attrei;, they all or nearly all have the black 
terminal spot, but these are much smaller than in reginae, 


' Trochilus reginae von Schreibers, 1833, Collectanea ad Faunam 
Brasiliae, p. 1, Pl. 1, fig. 2, was thought to have potential priority over 
its synonym Ornismya gouldii Lesson, 1832, Les Trochilidées ou des 
Colibris et les Oiseaux-Mouches, p. 103, Pl. 36 = Lophornis gould- 
ii, by Salvin & Elliot (1873), who thought both nomina dated from 
1833 but nonetheless argued that the “established” name, gouldii, 
should take precedence. Their respective holotypes are in the Naturhis- 
torisches Museum Wien (NMW 19.847, from Mato Grosso, Brazil: 
Schifter et al. 2007) and the Natural History Museum, Tring (NHMUK 
1933.11.14.73, from Para, Brazil: Warren 1966). In fact, whilst Les- 
son’s plate dates from 1833, the name was first introduced in the text of 
the same work a year earlier, in 1832 (see Dickinson & Remsen 2013: 
112, footnote 8). Because Schreibers’ name is valid, to prevent hom- 
onymy in Lophornis, Salvin & Elliot (1873) introduced a new name, 
stictolophus, in place of Lophornis reginae Gould, 1847, Proceedings 
of the Zoological Society of London 1847: 95 — no type locality, al- 
though Gould (1861: Ixiii) subsequently mentioned “New Granada” 
and a specimen from Zamora, in south-east Ecuador, but stictolophus 
was ascribed to “Columbia” (sic) by Salvin & Elliot (1873). Floericke 
(1920) evidently overlooked this or chose to ignore it. The holotype of 
Gould’s name reginae appears to be lost. Authors of new humming- 
bird taxa were obviously scrabbling to invent new names during the era 
when large numbers of these remarkable birds started to reach Europe. 
Perhaps confusingly, Gould also named Trochilus (Lophornis) regulus 
Gould, 1846, Proceedings of the Zoological Society of London 1846: 
89, but this name is a junior synonym of Trochilus magnificus Vieillot, 
1817, Nouveau Dictionnaire d’Histoire Naturelle, Tome 7, p. 367; and 
Lophornis regulus, Gould, 1855, A monograph of the Trochilidae, Vol. 
3, Pl. 120 and text, from Cochabamba, Bolivia, over which Ornismya 
(Lophorinus) DeLattrei Lesson, 1839, Revue Zoologique, par la So- 
ciété Cuvierienne 2: 19, no type locality but probably from Peru, has 
priority (see Simon 1921: 285, Peters 1945: 32). Ziichner (1999a) saw 
no rationale to treat Gould’s name at subspecific rank, whereas Zimmer 
(1950) admitted this was a slight possibility. 
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and they are about the size of a strong i1-dot. Clearly one 
might think of these birds as hybrids between reginae and 
delattrei or as a colour aberration of one of them. How- 
ever, this 1s contradicted by (1) the relatively frequent 
occurrence of this intermediate form, as I recall having 
had it in my hands several times before; (2) the colour 
of the crest feathers, which is not halfway between the 
two species but a shade paler than in de/attrei, especially 
in the middle section, where it lightens to a pale isabel- 
line-yellow; (3) the length of the bill, which is 9-9.5 mm 
in reginae, 9.5—10.5 mm in delattrei, but 11-12 mm in 
the intermediate form. Since all this argues for the latter’s 
independence, I believe I must give it a new name and 
call it Lophornis melaniae in honour of my brave com- 
panion [his wife Melanie Reif (1881—1971]. Types No. 
II, 2183 and 2184 of the collections of the Stiddeutsche 
Vogelwarte [a private ornithological institute founded by 
Floericke]. I am not sure whether we are dealing here 
with three separate species or three local races (subspe- 
cies) of one and the same form. I tend to favour the latter 
view, and in this case all three forms would have to be 
called ternary. However, we cannot clarify this until we 
have precise information about the breeding ranges of the 
three forms. Nehrkorn’s [1910] large catalogue, however, 
only lists eggs of reginae from Colombia.” 

From this description it is clear, as Floericke (1920) 
emphasises from the start, that the closest species mor- 
phologically to L. melaniae are the well-known species 
(Dickinson & Remsen 2013) Rufous-crested Coquette 
L. delattrei (disjunctly in Costa Rica and Panama; Cen- 
tral and East Andes of Colombia; and eastern Peru to 
northern Bolivia: Ztichner 1999a) and Spangled Co- 
quette L. stictolophus (northern Venezuela continuously 
south through eastern Colombia and Ecuador to northern 
Peru in the Marafion Valley: Zuichner 1999b), but there 
has been no full review of either the specimen evidence 
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Fig. 2. Left to right, dorsal, lateral and ventral view of male syntype of Lophornis melaniae, SMNS 30966, held at the Staatliches 
Museum fiir Naturkunde Stuttgart (Guy M. Kirwan). 


or the arguments that Floericke furnished to justify the 
position he chose to take. 

Peters (1945) maintained L. melaniae as a species with 
a query, noting that he had not seen the original descrip- 
tion but daring to speculate, without explanation, that 
melaniae might not even be a Lophornis. Unsurprisingly, 
he was unable to ascribe a range to the taxon, although 
the label of SMNS 30966 mentions “Colombia” (see 
below and Fig. 2). We have searched the catalogue of 
Floericke’s bird collection published in parts in Mittei- 
lungen Uber die Vogelwelt (starting in 1919 with volume 
18), as this routinely included general localities (coun- 
tries/states) for his specimens, but Floericke seems never 
to have completed this endeavour and there is no mention 
therein of these two individuals. Meyer de Schauensee 
(1966) treated melaniae as a species but found it “very 
doubtful”, speculating that it represented a melanistic 
form of another species of Lophornis. However, as Wal- 
ters (1997) noted, this was evidently based on an errone- 
ous assumption: Floericke named the form for his wife, 
not because the specimens were melanistic, so Meyer 
de Schauensee’s coining of the vernacular “Dusky Co- 
quette” was entirely misplaced. Despite the inclusion of 
L. melaniae in these two seminal works, the only subse- 
quent commentary on Floericke’s taxon is that of Walters 
(1997) and it needs to be stressed that none of these au- 
thorities had seen the specimens in Stuttgart and evident- 
ly only Walters ever read the original description. 

Walters (1997) speculated that melaniae must repre- 
sent unusually pale-crested, faded or aberrant individu- 
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als of Rufous-crested Coquette Lophornis delattrei (also 
with reduced black spotting), citing (but not identifying 
by register number) a specimen of the latter species with 
these characters at the Natural History Museum, Tring 
(NHMUK). His conclusions were repeated by Ztichner 
(1999a) and, consequently, by Dickinson & Remsen 
(2013) and del Hoyo & Collar (2014). Our own exam- 
ination of specimens at Tring strongly suggests that the 
individual Walters had in mind was one of two skins 
stored apart from other Lophornis species and tenta- 
tively attributed to melaniae. They are now registered 
as NHMUK 2002.3.209 and NHMUK 2002.3.216, al- 
though both are Spangled Coquettes L. stictolophus from 
“Colombia” with pale, short crests (Fig. 3). 

Males of L. delattrei and L. stictolophus are not always 
easily distinguished in the field, especially in brief views; 
however, the rufous crest of L. stictolophus is bushy rath- 
er than spiky (tips less pointed) and more prominently 
speckled with larger black or very dark green dots, which 
are scattered from the centre of the crown backwards 
(well captured in Schulenberg et al. 2007; Herzog et al. 
2016). Lophornis delattrei has two subspecies: the nomi- 
nate in Peru and Bolivia, and L. d. /essoni in Panama and 
Colombia. The latter reportedly differs in its more pointed 
crest feathers with almost no dark tips (Zuchner 1999a). 
The depth of the colour of the crest varies in both species 
including both subspecies of L. delattrei (see Fig. 4 and 
photographs online, notably Macaulay Library [ML], 
https://macaulaylibrary.org/). However, while some ac- 
counts state that male L. d. /essoni has no or almost no 
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Fig. 3. Two male specimens of Lophornis stictolophus (middle pair), NHMUK 2002.3.209 and NHMUK 2002.3.216, considered 
to be similar to L. melaniae by Walters (1997), compared to typical males of L. delattrei (left-hand two, NHMUK 1887.3.22.1254 
and NHMUK unregistered; note variation in crest feather length) and L. stictolophus (right-hand two, NHMUK 2002.3.225 and 
NHMUK 2002.3.212) (Guy M. Kirwan, © Trustees of the Natural History Museum, London). 


dark spots in its crest (e.g., Hilty & Brown 1986; Zuichner 
1999a), a review of photos on ML suggests that c.10% 
of birds in Panama and Colombia possess visible spots 
(e.g., ML416172491, ML141020241). Conversely, an 
apparently much smaller percentage of individuals of the 
nominate subspecies have no (ML63329011) or almost 
no (ML205184961) visible spots (such that the validity 
of /essoni might be questioned: compare Figs. 4 and 5). 
A specimen of /essoni with many dark (green) tips to the 
crest feathers (Leibniz Institute for the Analysis of Bio- 
diversity Change, Museum Koenig, Bonn, ZFMK Coll. 
KI. 9845) came to Kleinschmidt via Graf von Berlepsch, 
and was originally in Floericke’s hands, but it seems hard 
to consider the morphology of this individual as any way 
‘intermediate’ (1.e., one of the specimens Floericke re- 
called handling in the past; see the original description). 
In both subspecies the dark 1s nearly always confined to 
the extreme tips (as specified and illustrated for the nom- 
inate by Schulenberg et al. 2007), but occasionally (e.g., 
ML284502131) with some additional small dark spots 
on the distal third of these feathers (based on specimens, 
field observations, and photographs of live birds on pub- 
licly accessible databases). Some illustrations (e.g., in del 
Hoyo et al. 1999) might suggest that there are differenc- 
es in the tail pattern of males when viewed from below, 
but examination of specimens and photos, for example, 
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ML506539681 (delattrei) and ML204920551 (stictolo- 
phus), does not support this. 

The two syntypes of Lophornis melaniae, SMNS 30965 
and SMNS 30966, are both males and more or less dam- 
aged, especially around their heads and bills, with 30965 
now completely lacking feathers on the crown; they also 
lack multiple tail feathers, especially 30966 (Figs. 1—2). 
However, the bills are intact and measure respectively 
13.3 and 13.5 mm, almost identical to the lengths of both 
L. delattrei and L. stictolophus (respective means of 10 
and 12 males [including the two melaniae-like speci- 
mens] in NHMUK 12.5 and 13.2 mm: see Table 1), con- 
tra Floericke’s own (and frankly baffling) finding quoted 
above from his original description. Given the damaged 
plumage of SMNS 30965, we have to trust Floericke’s 
testimony, which clearly indicates that the two specimens 
were similar. Consequently, in the absence of a molec- 
ular analysis, the identity of melaniae must rest on the 
morphology of SMNS 30966, which is now labelled 
stictolophus. The crest feathers of this specimen are 
rather pale rufous but within the spectrum of variation 
shown by both species (e.g., ML204127541, L. delattrei; 
ML204103721, L. stictolophus). The dark spots are not 
profuse but some, especially in the centre of the crown, 
are rather large and bold, being twice the size of others 
(c.1.5 mm long; most are <1 mm), and a few are as close 
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: Se ¢ ne 
Fig. 4. Male specimens of Lophornis d. delattrei (Bolivia, at the Leibniz Institute for the Analysis of Biodiversity Change, Museum 
Koenig Bonn), from left to right ZFMK 10.080, ZFMK 10.076, ZFMK B!'.1.66.e.a and ZFMK 10.079 (Guy M. Kirwan). 


to the base as to the tip of the relevant feather. Somewhat 
inconsistent with either delattrei or stictolophus, SMNS 
30966 shows very few spots, even small ones, on the tips 
of the crest feathers, but two of them are adorned with 
comparatively large dark markings. We have not seen a 
specimen of either delattrei or stictolophus with an iden- 
tical pattern of dark spots, but ML413454891 shows a 
L. stictolophus with relatively few dark-tipped feathers 


and perhaps equally sparse spotting across the rest of the 
crest, although none of the visible spots appears as large 
as in SMNS 30966. The crest feathers of SMNS 30966 
form a rather densely packed mass (Fig. 2 left), without 
the typically wiry quality and splayed formation (even 
at rest, including in specimens) of L. delattrei (see, by 
contrast, Fig. 6). 


Table 1. Bill length data (measured from tip of culmen to skull; 1.e., measurement “Bsk’ per Eck et al. 2011) from specimens of 
Lophornis stictolophus and L. delattrei (subspecies combined) held in the Natural History Museum, Tring, compared with data 
for the syntypes of L. melaniae held at the Staatliches Museum fiir Naturkunde Stuttgart, all taken by GMK. Data (in mm) are 
presented in the format: mean with standard deviation (range, number of specimens). The specimens of L. stictolophus include the 
two individuals thought by Michael Walters to be similar to Floericke’s types. 


Lophornis stictolophus Lophornis delattrei Lophornis melaniae 


SMNS 30965 
13.3 


Lophornis melaniae 
SMNS 30966 


ers: 


13.22+0.74 
(12.3-14.5, n= 12) 


12.53 + 0.96 
(11.7-14.8, n= 10) 
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Fig. 5. Male specimens of Lophornis d. lessoni (left and middle, Colombia; Staatliches Museum fiir Naturkunde Stuttgart and Leib- 
niz Institute for the Analysis of Biodiversity Change, Museum Koenig Bonn; and right, Panama; Natural History Museum, Tring): 
SMNS 30974, ZFMK Coll. KI. 9876, and NHMUK unregistered (Guy M. Kirwan). 


As a result, contra Walters’ (1997) text but consis- 
tent with the NHMUK specimen that Walters appar- 
ently thought might be similar to those Floericke had 
described, we believe that melaniae can be referred to 
L. stictolophus, not L. delattrei. Three further consider- 
ations support this conclusion. First, the possibility that 
melaniae was collected in Colombia, where L. delattrei 
lessoni typically shows no or very little dark spotting 
on the crest, significantly reduces the chance of it being 
referable to this latter taxon. Second, Walters’ (1997) 
speculation (repeated by Ztichner 1999a), that the Stutt- 
gart skins might have been unusually faded is not borne 
out by our investigation. Third, with the availability of 
many more specimens and photographs of live birds, 
Floericke’s suggestion that melaniae was somewhat 
“intermediate” can also be discounted, as the characters 
of the crest (which is the only feature useful to separate 
males of the two species) fit within the range of variation 
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exhibited by L. stictolophus, albeit perhaps only rarely; 
thus although the possibility that melaniae is of hybrid 
origin (already mentioned on the oldest labels attached 
to both syntypes) cannot entirely be excluded, it seems 
very remote. This is because known areas of overlap 
between the two relevant species are at most very few, 
for example, none has been found in northern Peru, de- 
spite the apparent proximity of the two species’ ranges 
there (Schulenberg et al. 2007) and there appear to be no 
localities in Colombia with records of both species, for 
example, on eBird (https://ebird.org/), despite some dis- 
tributional overlap on the maps in Hilty & Brown (1986) 
and Hilty (2021). Both these latter works emphasise that 
the distribution of L. stictolophus 1s largely restricted to 
elevations below that of L. delattrei in Colombia. Indeed, 
the only specific locality we have discovered with ‘re- 
cords’ of both species 1s Jatun Sacha Biological Reserve, 
Napo province (01°04’S, 77°36’W), in eastern Ecuador, 
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Fig. 6. Male specimens of Lophornis stictolophus (left-hand four at Leibniz Institute for the Analysis of Biodiversity Change, Mu- 
seum Koenig Bonn; right-hand bird at Museum ftir Naturkunde, Berlin) (Guy M. Kirwan). 


where de/attrei has been claimed once, in April 1992, and 
stictolophus has been observed at least a few times (Rid- 
gely & Greenfield 2001). Lophornis delattrei is still treat- 
ed as of only hypothetical occurrence in Ecuador, based 
on the uncorroborated sighting at Jatun Sacha (Freile & 
Restall 2018), which at 400 m is below the usual eleva- 
tional range of that species (Hilty & Brown 1986; Zitich- 
ner 1999a; Schulenberg et al. 2007; Herzog et al. 2016). 
Our identification accords with the museum’s own attri- 
bution to SMNS 30966. 

Inevitably in cases like this where the identity of a mu- 
seum specimen cannot be completely resolved by exam- 
ination and comparison with other material, we recom- 
mend that a molecular study be undertaken on Floericke’s 
two melaniae in the hope of a more certain conclusion. 
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Abstract. Sea snakes of the genera Hydrophis Latreille Jn Sonnini & Latreille, 1801 and Microcephalophis Lesson, 1832 
are also represented by some rare species in India and surrounding waters. Many species of Indian sea snakes are poorly 
known, except for some common species reported in marine faunal surveys. Here, based on a series of 107 specimens, we 
elaborate on nine such rare species of the genera Hydrophis, viz. H. jerdoni (Gray, 1849), H. lapemoides (Gray, 1849), H. 
mamillaris (Daudin, 1803), H. nigrocinctus Daudin, 1803, H. stricticollis Gunther, 1864, H. viperinus (Schmidt, 1852) 
and H. obscurus Daudin, 1803 as well as Microcephalophis, viz. M. gracilis (Shaw, 1802) and M. cantoris Gunther, 
1864. We furnish data on the morphometrics and colouration in preservation for the above species based on material in 
the Zoological Survey of India, Kolkata (n=74) and the Bombay Natural History Society Museum, Mumbai (n=33). But 
for a few (n=19) specimens from Iran, Pakistan, Myanmar and Thailand for four species (H. jerdoni, H. viperinus, H. 
obscurus, M. gracilis), the vast majority of the examined specimens are from Indian coastlines. All material dealt with 
here are non-types, but include some historical specimens previously examined by European herpetologists. All species 
of Hydrophis and Microcephalophis represented here are those native to India. We also illustrate these seven species as 
preserved vouchers, all belonging to Indian material to further aid their future identifications. 


Keywords. Arabian Sea, BNHS, colouration in preservation, scalation, sea snake, morphometry, Indian Ocean, Bay of 
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INTRODUCTION 


Sea snakes are relatively poorly-represented groups of 
serpents in both Indian herpetological literature (Ganesh 
et al., 2019; see below) and Indian herpetological mu- 
seums (Phipson 1888; Sclater 1891; Das & Chaturvedi 
1998; Das et al. 1998; Das & Gayen 2004; Ganesh & 
Asokan 2010; Ganesh et al. 2020; Mondial et al. 2022). 
India has a diversity of 20 species of marine snakes, rep- 
resenting 18 species of true sea snakes belonging to the 
genera Hydrophis Latreille In Sonnini & Latreille, 1801 
and Microcephalophis Lesson, 1832 (Ganesh et al. 2019). 
However, most studies that dealt with sea snakes in India, 
have time and again reported just a few handful common 
species. This is understandably so given the fact that they 
are inherently tough to sample, dependent on (often com- 
mercial) fishing vessels and also some climatic fluctua- 
tion factors. This limits the scope for active field sampling 
and collection including site-selection, time-duration of 
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sampling, selective or species-specific retention and/or 
discordance of samples as per the research requirements 
of the academic fraternity involved. Thus, at least in In- 
dia, the catches or collection sorties are wholly predicated 
upon the primary, non-aligning interests and motives of 
the vessels involved (Costello et al. 2010, 2017). Almost 
always, sea snakes are far from being the primary objec- 
tive of such missions. 

On the whole, literature on Indian sea snakes could 
be more or less grouped into the following kinds. First, 
classical 19" and 20" century taxonomic treatises, such 
as Gunther (1864), Theobald (1868, 1876), Phipson 
(1888), Boulenger (1890, 1896), Sclater (1891), Wall 
(1906, 1909) and Smith (1926, 1943). Second, post-In- 
dependence studies by Indian herpetologists in the later 
part of the 20" century (Ahmed, 1975; Murthy, 1977; 
Myers, 1947). Last, recent scholarship on the subject due 
to a renewed interest in biodiversity explorations of the 
country. Either they are in the form of single-species/ 
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single-instance observations (e.g., Chandrasekar et al., 
2018; John et al., 2015; Karthikeyan et al., 2008; Parmar, 
2018, 2019a,b; Tripathy, 2006) or long-term studies (e.g., 
Lobo et al. 2004, 2005; Kannan & Rajagopalan 2008; 
Karthikeyan & Balasubramanian 2008; Padate et al. 
2009; Damotharan et al. 2010; Jeyabaskaran et al. 2015; 
Muthukumaran et al. 2015; Venkatraman et al. 2015; Pra- 
chi & Ramesh 2016; Dabhi et al. 2019; Desouza & Rao 
2021; Rao et al. 2021; Tambre et al. 2021). 

This leads to two issues: (1) higher number of speci- 
men-collections of some common sea snake species, (11) 
more frequent reports of certain common species of sea 
snakes consequent upon such distorted collection mis- 
sions/parties involved. However, despite the appreciably 
reasonable efforts put forth by Indian herpetologists in 
studying and sampling sea snakes in situ, this knowledge 
gap on other rarer sea snake species has only widened 
over time. In most cases, these species were merely cited 
in regional checklists and faunistic studies with little new 
knowledge coming in. Many recent regional treatises 
on Indian snakes (Daniel, 2002; Das, 2002; Whitaker & 
Captain, 2004) could not shed enough light on most of 
these species. This situation calls for a separate consol- 
idation of data that has got a direct bearing especially 
on those few rare Indian sea snake species alone. There- 
fore after consulting publications and perusing museum 
collections, we cherry-picked seven obscure species of 
Hydrophis Latreille In Sonnini & Latreille, 1801 and two 
species of Microcephalophis Lesson, 1832. We subjected 
these species to descriptions and illustrations based on 
vouchered non-types from Indian and in a few excep- 
tions, nearby waters so as to shed more light on these 
little-known species. 

The following recent (post-1970) studies on sea snakes 
in the Indian coastline did not include any of the rarer 
sea snake species dealt with in this work. These include 
Murthy & Rao (1976, 1988), Kalaiarasan & Kanakasabai 
(1994), Lobo et al. (2004, 2005), Tripathi (2006), Kumar 
et al. (2007), Karthikeyan & Blasubramanian (2008), 
Karthikeyan et al. (2008), Padate et al. (2009), Palot & 
Radhakrishnan (2010), Jeyabaskaran et al. (2015), John 
et al. (2015), Muthukumaran et al. (2015), Venkatraman 
et al. (2015), Prachi & Ramesh (2016), Chandrasekar 
et al. (2018), Parmar (2018, 2019) and Tambre et al. 
(2020). Hence this study. 


MATERIALS AND METHODS 


This study is based on an examination of 107 preserved, 
non-type voucher specimens representing nine species 
of the genera Hydrophis Latreille Jn Sonnini & Latreille, 
1801 and Microcephalophis Lesson, 1832 housed in 
India’s leading natural history collections namely: Zo- 
ological Survey of India, Kolkata (ZSI, =74) and the 
Bombay Natural History Society Museum, Mumbai 
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(BNHS, =33). A total of 17 characters including scala- 
tion, measurements and colour pattern were scored from 
these specimens. Morphometric landmarks, terminolo- 
gies and method of scoring follow Mondial et al. (2022). 
Ventrals were counted following Dowling (1951). Ex- 
aminations were done using LEICA EZ4 model micro- 
scopes and photographs of the subject were taken using 
Nikon D700 model high-resolution digital cameras. 


RESULTS 


Hydrophis jerdonii (Gray, 1849) 

(Fig. 1, Table 1) 

Materials examined (n=14). INDIA: ZSI 21819, 
Mouth of the Arasalar river, Karaikkal, Tamil Nadu, coll. 
28.12.1956; ZSI 22477, Gopalpur, Ganjam district, Odi- 
sha, coll. G. Ramakrishna 28.12.1962; ZSI 28229, Bay 
of Bengal, coll. Dr Walsh 20.05.1890; BNHS 2282 (2 
ex.), Madras ( = Chennai), coll. Frank Wall 31.12.1907; 
MYANMAR: ZSI 8237, Mergui, Coll. W. Theobald; ZSI 
11486-9, Mergui, coll. Dr Anderson, 18.01.1892; THAI- 
LAND: ZSI 18579, Patani Bay, Siamese-Malay Strait, 
coll. Dr N. Annandale; ZSI 18581-83, Singgora, Siam, 
coll. Dr N. Annandale, January 1916. 

Description and Variation. Head short, snout nar- 
rowed anteriorly, rostral higher than broad; nostril supe- 
rior, nasals in contact with each other; prefrontal small, 
in One specimen triangular (BNHS 2282), not in contact 
with 2™ supralabial; frontal longer than the distance 
from the rostral; parietal longer than broad; single ante- 
rior temporal, often 6" supralabial fused with temporal; 
one supraocular on each side of head; one preocular on 
each side of head; one postocular on each side of head: 
6 supralabials on each side of the head, sometimes 5, 3 
and 4" touching the eye, 6" fused with temporal; 6—7 in- 
fralabials, rarely 5, 3 infralabials touching chin shield; 
Chin shield well developed, both the pairs in contact with 
each other, anterior pair is smaller than the posterior pair; 
scales around neck 17, rarely 18, only one specimen with 
16 (ZSI 18579); scales around midbody 19-22, only one 
specimen with 23 (ZSI 18582); ventral 214-258, twice 
the size of the adjacent dorsal scale, posteriorly narrow; 
preanal slightly enlarged; dorsal scale with single keel: 
number of bands around the body 30-43, 2-4 bands on 
tail, one specimen without banding (BNHS 2282): head 
length 12.1-24.1 mm; head width 4.9-10.7 mm; head 
depth 4.0-7.6 mm; snout-vent length 375.0-958.0 mm; 
tail length 50.0-110.0 mm. Dorsum olive grey colour 
with dark grayish black bands across the body, ven- 
tral creamy yellow, tail creamy yellow with dark gray- 
ish black bands. Head olive grey dorsally, lower labial 
creamy white. 
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Fig. 1. Hydrophis jerdoni (ZSI 21819). A. Entire. B. Head lateral 


Hydrophis lapemoides (Gray, 1849) 

(Fig. 2, Table 1) 

Materials examined (n=4). INDIA: ZSI 27936, Tam- 
il Nadu, coll. C.H. Satyanarayanan etc., 24.09.2003; 
BNHS 3357-58, Ervady, Gulf of Mannar, coll. Aaron 
Lobo 25.06.2005; PAKISTAN: ZSI 8632, Persian Gulf at 
Gwadar, Coll. Not Known. 

Description and Variation. Head moderate, rostral 
broader than high, rarely higher than broad ( ZSI 27936); 
nostril superior, nasal in contact with each other; prefron- 
tal elongated, in contact with 2™ supralabial; frontal lon- 
ger than the distance from the rostral; parietal longer than 
wide; single anterior temporal or 1+2; one supraocular 
on each side of head: one preocular on each side of head: 
2-3 postocular on each side of head; 7—8 supralabials on 
each side of the head, 2™ supralabial touching prefron- 
tal, 3% and 4" touching the eye, sometimes 3, 4% & 5% 
touches the eye (ZSI 8632), 4", 5 and 6" sometimes bro- 
ken, last scales small; 8—9 infralabials on each side of the 
head, 3—4 infralabials touching chin shield, cuneate scale 
present between 3% & 4" infralabial (ZSI 8632); chin 
shield well developed and in contact with each other or 
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_C. Head dorsal. D. Head ventral profiles. Photo: Sonia Mondal. 


sometimes posterior pair separated by 1-2 scales, anteri- 
or pair larger than posterior pair; scales around the neck 
29-31; scales around midbody 39-41; ventrals 310-345, 
distinct throughout, slightly larger than the adjacent dor- 
sal scales, posterior narrow; preanal enlarged; dorsal 
scale with single keel; number of bands around the body 
37-58 as rhomboidal spots, 2—5 bands on the tail; head 
length 20.3—23.9 mm; head width 7.0-12.0 mm; head 
depth 8.3-8.7 mm; snout—vent length 643.0-863.0 mm; 
tail length 68.0—-88.0 mm. Dorsum light reddish brown 
with dark greyish black bands till tail. Head reddish 
brown with black mark on frontal and parietals, lower 
labial brown. 


HAydrophis mamillaris Daudin, 1803 

(Fig. 3, Table 1) 

Materials examined (n=7). INDIA: ZSI 13392, Bay 
of Bengal, coll. Dr Walsh 20.05.1890; ZSI 19481, 
Gulf of Cambay, coll. S. T. William Carrick Decem- 
ber, 1921; ZSI 22671 Digha beach on way to Paddapur, 
Midnapur district, West Bengal, coll. Dr A. K. Dutta 
04.09.1964; BNHS 2329 (2 ex.), Mumbai, Maharashtra 
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Fig. 2. Hydrophis lapemoides (BNHS 3358). A. Entire. B. Head lateral. C. Head dorsal. D. Head ventral profiles. Photo: O.D. 
Adhikari. 


coll. 31.12.1907; BNHS 2330, Alibaug, Raigad district, 
Maharashtra, coll. W.O. Alcock 01.07.1917; BNHS 2331 
Kihim, Alibaug, Raigad district, Maharashtra, coll. Hu- 
mayun Abdulali. 

Description and Variation. Head small; rostral broad- 
er than high; nostril superior, nasal in contact with each 
other; prefrontal slightly elongated or triangular, in con- 
tact with 2™ supralabial (in one specimen prefrontal fused 
with nasal, ZSI 13392); frontal longer than the distance 
from the rostral; temporals 2+2, two specimens with only 
one anterior temporal (ZSI 19481 and ZSI 13392); one 
supraocular on each side of head; 1—2 preocular on each 
side of head; 1—2 postocular on each side of the head; 
6-7 supralabials, 2" touching the prefrontal, 3 and 4" 
touching the eye (one specimen 3™—5" touching the eye, 
BNHS 2329), sometimes 5" and 6" broken; 7—8 infralabi- 
als, 3-4 infralabials touching chin shields; chin shields 
well developed, both the pairs in contact with each other, 
one specimen where both the chin shields were separated 
from each other (ZSI 22671); scales around the neck 25— 
30; scales around the midbody 33-45; ventrals 260-350, 
distinct throughout, anteriorly scales larger than the adya- 
cent dorsal scale, posteriorly narrow; preanal small: dor- 
sal scale with no keels or feeble keeling; number of bands 
around the body 40-55; 2—9 bands on the tail; head length 
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12.8—17.4 mm; head width 5.4—7.0 mm; head depth 4.2— 
6.9 mm; snout-vent length 355.0—743.0 mm; tail length 
35.0—80.0 mm. Dorsum light whitish grey ground colour 
with dark black bands across the body, ventral creamy in- 
terrupted by dark bands, tail black ventrally and posterior 
part, anteriorly same ground colour and banding as dorsal 
body. Head dark black with a streak of white mark across 
the supraocular and temporals, lower labial grey. 


Hydrophis nigrocinctus Daudin, 1803 

(Fig. 4, Table 1) 

Materials examined (n=3). INDIA: ZSI 24084 Bid- 
hya river, Sunderban, 24 Parganas, West Bengal, coll. 
N.C.Gayen, 20.09.1983; UNKNOWN: ZSI 8239-40 no 
data. 

Description and Variation. Head moderate; rostral 
higher than broad, visible from dorsal view of head; nos- 
tril superior, nasals in contact with each other; prefrontal 
squarish, not in contact with 2™ supralabial; frontal lon- 
ger than the distance from the rostral; parietal longer than 
broad; temporals 2+3; one supraocular on each side of 
head; 1—2 preocular on each side of the head, one spec- 
imen with a scale present in between the prefrontal and 
nasal just above the 2—3 supralabials, on only one side 
of head; 2 postocular on each side of the head; 7 supra- 
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Fig. 3. Hydrophis mamillaris (ZS1 19481). A. Entire. B. Head lateral. C. Head dorsal. D. Head ventral profiles. Photo: S. Mondal. 


labials, 4" touching the eye; 7—8 infralabials, 3 infral- 
abials touching the chin shields, cuneate scales present 
between 2™ and 3" or after 3% infralabial; chin shields 
well developed, anterior pair in contact with each other, 
Posterior pair separated from each other; scales around 
the neck 27—30; scales around the midbody 36-42; ven- 
trals 300-332, distinct throughout, not twice as broad 
as the adjacent dorsal scales; preanal slightly enlarged; 
dorsal scale with single keel; number of bands around 
the body 54-56, 6-10 bands on the tail; head length 
12.9-27.3 mm; head width 4.3-12.3 mm; head depth 
4.0-8.8 mm; snout-vent length 460.0-1105.0 mm; tail 
length 53.0—-135.0 mm. Dorsum olive light brown ground 
colour with dark brown narrow bands, ventral light yel- 
low colour , tail light brownish yellow with dark bands. 
Head olive brown with brown markings on the prefron- 
tal, frontal and parietals, lower labial creamy yellow. 


Hydrophis stricticollis Gunther 1864 
(Fig. 5, Table 1) 
Materials examined (n=3). INDIA: ZSI 8254, 8256 
Hooghly, West Bengal, coll. H.L. Haughton; ZSI 23737, 
Gopalpur, Ganjam district, Odisha, coll. Dr M. Hafizul- 
lah 24.11.1977. 

Description and Variation. Head small, rostral broad- 
er than high, nostril superior, nasal in contact with each 
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other; prefrontal slightly elongated, in contact with 2" su- 
pralabial; frontal longer than or shorter than the distance 
from the rostral; parietal longer than broad; single anteri- 
or temporal or 1+2; one supraocular on each side of head; 
one preocular on each side of head; 1—2 postocular on 
each side of head; 7 supralabials, 2" in contact with pre- 
frontal, 3" and 4" touching the eye, last scales small; nine 
infralabials, 3 infralabials touching anterior chin shield, 
cuneate scales present, last scale small; chin shield well 
developed, both the pair in contact with each other, in one 
specimen posterior pair separated by a single scale (ZSI 
8256); scales around neck 32-39; scales around midbody 
44-46; ventrals 378-451, district throughout, not twice 
as broad as the adjacent dorsal scales; preanal small: 
bands around the body is distinct in one specimen, with 
44 bands, in another specimen anterior half of the body 
have 46 bands with posterior body with uniform dorsum 
colour and third specimen with faint diffused bands; 
head length 19.3 mm; head width 7.6 mm; head depth 
7.3 mm; snout-vent length 890.0—-955.0 mm; tail length 
90.0—130.0 mm. Dorsum olive brown ground colour with 
feeble slightly darker bands visible anteriorly, tail olive 
brown interrupted with darker brown bands. Head olive 
brown, lower labial cream in colour. 
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Fig. 4. Hydrophis nigrocinctus (ZSI 82399). A. Entire. B. Head lateral. C. Head dorsal. D. Head ventral profiles. Photo: S. Mondal. 


Hydrophis viperinus (Schmidt, 1852) 

(Fig. 6, Table 1) 

Materials examined (n=14). INDIA: ZSI 8274 Puri, 
Odisha, coll. October, 1971; ZSI 8277, Puri, Odis- 
ha, coll. Dr Fayrer, October, 1871; ZSI 13594 Ganjam 
coast, Odisha, coll. A. Neurham; ZSI 14481 Puri, Odi- 
sha, coll. D.I.L.Hendley; ZSI 16376 Puri, Odisha, coll. 
J.Ircurs Jenkins; ZSI 19209 Puri, Odisha Coast, coll. Dr 
B. Prashad 18.10.1919; ZSI 22650 Digha, West Ben- 
gal, coll. Dr A.K. Dutta 03.09.1964; ZSI 22651 Karwar 
shore, Mysore State, coll. Dr Ummur Kutty & B. Sinha 
16.01.1967; BNHS 2284 Madras ( = Chennai), Tamil 
Nadu, coll. Frank Wall 31.12.1907; BNHS 2285 Kar- 
war, Uttar Kannada district, Karnataka coll. C.C. Boyd 
31.12.1907; BNHS 2286 Odisha coast, coll. Charles Bai- 
ley 01.03.1915; BNHS 3362 Mandapam, Gulf of Man- 
nar, Ramanathapuram district, Tamil Nadu, coll. Aar- 
on Lobo 11.01.2005; BNHS 3413 Off Sinquirim-Baga 
beach, Goa, coll. Aaron Lobo 22.01.2003. MYANMAR: 
ZSI 11497 Mergui, 7 miles from land, coll. Dr Anderson 
16.01.1892. 

Description and Variation. Head short, depressed, 
snout broadly rounded; rostral broader than high, nos- 
tril superior, nasal in contact with each other; prefrontal 
triangular, small, not in contact with supralabial; frontal 
longer than or smaller than the distance from the rostral; 
parietal longer than broad; 2 anterior temporals, some- 
times 1+2, rarely one anterior temporal (BNHS 3413 
and 3362); one supraocular on each side of head; one 
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preocular on each side of head, in one specimen single 
scale present between preocular and nasal (BNHS 2284); 
1—2 postocular on each side of head; 7—8 supralabials, 
2™ largest, 3-5" touching the eye or only two of them 
touching the eye; 7—9 infralabial, 3-4 infralabials touch- 
ing the chin shields, cuneate scales present sometimes; 
chin shields well developed, both the pairs in contact 
with each other or anterior pair in contact with each other 
and posterior pair separated, rarely both the pairs sepa- 
rated, posterior pair larger than the anterior pair; scales 
around neck 28—33; scales around midbody 41-48; ven- 
trals 225—266, distinct throughout, anteriorly more than 
twice larger than adjacent dorsal scale, broader, poste- 
rior narrow; preanal slightly enlarge; dorsal scale with 
single dorsal keel; bands around the body absent giv- 
ing a uniform grey colour of the dorsum or sometimes 
rhomboidal bands present prominent along the later side, 
number of bands varies from 18—33 when present; head 
length 13.9-25.0 mm; head width 7.2-12.5 mm; head 
depth 4.6-9.3 mm; snout-vent length 260.0-679.0 mm; 
tail 38.0-83.0 mm. Dorsum uniform grey colour without 
bands, ventral creamy white, tail entirely black without 
any bands. Head dorsum uniform grey colour, upperlabi- 
al and lower labial creamy white. 


Hydrophis obscurus Daudin, 1803 

(Fig. 7, lable 1) 

Materials examined (n=30). INDIA: ZSI 8253 Mouth 
of River Hooghly, West Bengal, coll. H.L. Haughton; 


©LIB 


Some rare species of sea snakes from the India Coasts and nearby waters 215 


PRUTELELL ET Tati Heer 


Fereren EEE 


= oe 


cologicaLl Sasv i ZASow. 
asc SImehaotiis 


Sere , coma ote 
3254 Hooghly , w 
e “aornh Houzbt den — 
S256 mee Y 
Beng a Bough bony 
en ee oe eee 


Fig. 5. Hydrophis stricticollis (ZSI 8256). A. Entire. B. Head lateral. C. Head dorsal. D. Head ventral profiles. Photo: S. Mondal. 


ZSI 8255 Hooghly River, West Bengal, coll. Dr Ander- 
son 1866; ZSI 17531-17534, 17538 Chilka Lake, Odisha; 
ZSI 17341-17345 Chilka Lake, Odisha, coll. Dr N. An- 
nandale 21—31.07.1913; ZSI 18003-18010 Chilka Lake, 
Odisha; ZSI 20677 3/2 miles southeast of Bagauipara, 
Sunderban, coll. June 1929; BNHS 2320 (2 ex.) Kar- 
war, Uttar Kannada district, Karnataka, coll. C.C.Boyd 
31.12.1907; BNHS 2319 (4 ex.) Chilka Lake, Odisha, 
coll. H.W. Weslls; MYANMAR: ZSI 11496 Mergui, coll. 
Dr Anderson, 20.01.1892; UNKNOWN: BNHS 2321 (2 
ex.) no data. 

Description and Variation. Head small, rostral broad- 
er than high; nostril superior, nasal in contact with each 
other; prefrontal slightly elongated, in contact with 2" 
supralabial; frontal smaller than the distance from the 
rostral, in one specimen the frontal is as long as the dis- 
tance from the rostral (BNHS 2321); parietal longer than 
broad; single anterior temporal; one supraocular on each 
side of head; one preocular on each side of head, in one 
specimen preocular fused with prefrontal (BNHS 2320); 
one postocular on each side of the head; 6—7 supralabial, 
2™ touching prefrontal, 3? and 4" touching the eye; 6-8 
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infralabials, 3—4 infralabial touching the chin shield; chin 
shields well developed, anterior pair in contact with each 
other, posterior pair separated from each other or some- 
times both the pairs in contact with each other, posterior 
pair larger than the anterior pair; scales around the neck 
19-23; scales around midbody 26-32; ventrals 264—363, 
not twice as broad as the adjacent dorsal scales; preanal 
small, specimens of BNHS have slightly larger; number 
of bands around the body 45-69; 2—9 bands on the tail: 
head length 9.1—-16.1 mm; head width 3.1—6.7 mm; head 
depth 2.5—6.4 mm; snout-vent length 395.0-1245.0 mm; 
tail 43.0-140.0 mm. Dorsum light grey ground colour 
with dark brown bands across the body, ventral brown, 
tail light grey with dark banding. Head dark brown dor- 
sally with creamy white spots across the postocular to 
parietals and triangle shaped mark on the nasal and pre- 
frontal, lower labial brown. 


Microcephalophis gracilis (Shaw, 1802) 

(Fig. 8, Table 1) 

Materials examined (n=22). INDIA: ZSI 8268 Hoogh- 
ly, West Bengal, H.L.Haughton; ZSI 11460 and 11461 
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Fig. 6. Hydrophis viperinus (ZS 16376). A. Entire. B. Head lateral. C. Head dorsal. D. Head ventral profiles. Photo: S. Mondal. 


Puri, Odisha; ZSI 16549 Puri, Odisha, coll. B. Paira; ZSI 
21825 Tranquebar (now Tharangambadi), Tamil Nadu, 
coll. A.G.K. Menon on 28.12.1956; ZSI 21826 Kalingi- 
medu, Karaikkal, Tamil Nadu, coll. on 11.02.1957; ZSI 
22521 and 22522 Sand head mouth of Hooghly, West 
Bengal, coll. P.V. Lady Fraser, in 1924; ZSI 22673 Digha 
beach on way to Paddapur, dist. Midnapur, West Ben- 
gal, coll. Dr A. K. Dutta on 03.09.1964; BNHS 2364 
and 2365 Madras, Tamil Nadu, coll. Maj. F.Wall, on 
31.12.1907; BNHS 2367, Alibaug, Raigad, Mumbai, 
Maharashtra, coll. W.O. Alcock, on 01.07.1917; BNHS 
2368 Mumbai, Maharashtra; BNHS 3364 Pamban, Gulf 
of Mannar, Tamil Nadu, coll. Aaron Lobo on 07.01.2005; 
MYANMAR: ZSI 11484 Mergui ( = Myeik), coll. Dr 
Anderson, on 20.01.1882; PAKISTAN: ZSI 8468 Persian 
Gulf at Gwadar, Baluchistan, coll. W.J. Blanford in 1872; 
ZSI 8543 Karachi, Pakistan, coll. Karachi museum; 
IRAN: BNHS 2359 Persian Gulf, coll. W.F. Townsend, 
on 31.12.1907; BNHS 2360, same as above, coll. on 
01.01.1914; BNHS 2361 (2 ex), Chabahar, Persian Gulf, 
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coll. Capt. J.E.B. Hotson, on 21.03.1917; BNHS 2362, 
Jask, Persian Gulf, Hormozgan province, coll. May. K.G. 
Gharpurey, coll. 22.02.1918. 


Description and Variation. Head very small, elongate, 
body long with slender anteriorly and thick compressed 
posteriorly; snout projecting beyond the lower jaw; 
rostral broader than high, except in one specimen with 
higher than broad (BNHS 2364), extending well on to 
the upper surface of the snout; prefrontal slightly elon- 
gated, touching the 2™ supralabial; frontal shorter than 
the distance from the rostral; parietal longer than broad; 
single anterior temporal, one example 1+2 (ZSI 14467); 
one supraocular on each side of head; one preocular on 
each side of head; one postocular on each side of head, 
rarely 2; 6 supralabial on each side of the head, 3 and 4" 
touching the eye; 7 infralabials, 4 infralabials touching 
chin shield; chin shield well developed, both the pairs 
in contact with each other, anterior pair is smaller than 
the posterior pair, in one specimen anterior pair is larg- 
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Fig. 7. Hydrophis obscurus (ZS1 17344). A. Entire. B. Head lateral. C. Head dorsal. D. Head ventral profiles. Photo: S. Mondal. 


er than posterior pair (BNHS 2367); scales around neck 
19-20, in one specimens 17 (BNHS 2368), in another 
single specimen 21 (ZSI 16549); scales around midbody 
27-38, ventrals 228—285, distinct from adjacent dorsal 
scale, posteriorly divided by a median furrow into two ; 
preanal slightly enlarged; dorsal scale with feeble single 
keel, ventrals have a tubercule like strong keel; majority 
of the specimens with no banding on their body, some 
specimens with feeble banding on the posterior 2/3 of the 
body with number of bands around 35-52; head length 
10.1—16.8 mm; head width 3.1—5.6 mm; head depth 3.4— 
5.3 mm; snout-vent length 525.0—-809.0 mm; tail length 
50.0—85.0 mm. Dorsum light brown anteriorly rest of the 
body creamy brown without any markings or bands till 
tail. Head brown dorsally, ventral light brown. 


Microcephalophis cantoris (Gunther, 1864) 

(Fig. 9, Table 1) 

Materials examined (n=11). INDIA: ZSI 8231 Sand 
head, West Bengal; ZSI 8623 Mumbai, Maharashtra 
coll. Cockburn; ZSI 14459 Puri, Odisha, coll. Dr J.L. 
Hendley; ZSI 12587 Sargar road, West Bengal, coll. S. 
Ebon. Esq.; ZSI 18334 St. 14 , Sandy Bay, North west of 
Nazarath point, Portuguese, coll. S.W. Kemp in August— 
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September 1916; ZSI 22579 From fishermen net at Sam- 
inanpathi 5 miles North Portonvo, Madras, Tamil Nadu, 
Collector: Dr A. Danial on 12.05.1960; ZSI 23029 Go- 
palpur, Ganjam, Odisha, coll. D.P. Sanyal on 15.11.1971; 
ZSI 23149 Digha coast, Midnapore, West Bengal, coll. 
T.K.Sen (Indo-Japanese survey) on 27.03.1975; BNHS 
2369 (2 ex) Madras, Tamil Nadu, coll. Maj. F. Wall on 
31.12.1907; BNHS 2370 Karwar, Uttar Kannada, Karna- 
taka, coll. C.C.Boyd on 31.12.1907. 

Description and Variation. Head very small, elon- 
gate, body long slender anteriorly and thick compressed 
posteriorly; snout projecting beyond the lower jaw; ros- 
tral higher than broad, extending well on to the upper sur- 
face of the snout; prefrontal slightly elongated, touching 
the 3 supralabial, in two specimens prefrontal in con- 
tact with both 2 and 3" supralabial (ZSI 22579 and ZSI 
23149); frontal smaller than the distance from the rostral, 
in 3 specimens it is larger than the distance from the ros- 
tral ( BNHS 2369 A, ZSI 14459 and ZSI 8623), in 2 spec- 
imens frontal is as long as the distance from the rostral 
(ZSI 8231 and ZSI 12587); parietal longer than broad; 
single anterior temporal; one supraocular on each side of 
head; one preocular on each side of head; one postocular 
on each side of head; 6 supralabial on each side of the 
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Fig. 8. Microcephalophis gracilis (ZS 16549). A. Entire. B. Head lateral. C. Head dorsal. D. Head ventral profiles. Photo: S. Mon- 


dal. 


head, 3 and 4" touching the eye, 5" largest; 7—8 infral- 
abials, 4 infralabials touching chin shields; chin shields 
well developed, anterior pair in contact with each other 
whereas posterior pair separated by a scale, anterior pair 
larger than the posterior pair; scales around neck 23—25:; 
scales around midbody 30-37, scales at the thickest part 
of the body 40—43; ventrals 383-430, distinct from the 
adjacent dorsal scale anteriorly, median furrow divides 
the ventral into two posteriorly; preanal small, in 3 spec- 
imens it is slightly enlarged (ZSI 18334, BNHS 2369B 
and BNHS 2370); dorsal scale have single feeble keel, 
dorsal scales adjacent to the ventrals have 3—4 dot-like 
keels, ventrals have small keel; number of bands on the 
body 49-60, bands are closely placed extending towards 
ventrals, in one specimen dorsum is uniform brown co- 
louration (ZSI 12587), in another specimen bands pres- 
ent anterior 1/3 have feeble 25 bands, number of bands 
on tail 2-8; head length 10.4—21.7 mm; head width 3.7— 
11.1 mm; head depth 3.1-10.2 mm; snout-vent length 
495.0-1305.0 mm; tail length 55.0-120.0 mm. Dorsum 
moderately brown with feeble darker brown bands more 
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prominent anterior part of the body than posterior half, 
ventral light creamy brown till tail. Head dark brown, 
lower labial light brown. 


DISCUSSION 


Some studies from India report on a few rare sea snake 
species. Murthy (1977) reported on sea snakes in Ma- 
dras coast including rare species such as H. jerdoni, H. 
viperinus and M. gracilis. Talukdar & Dattagupta (1980) 
reported H. mamillaris and M. gracilis from Bengal 
coast. Murthy (1987) and Vekateswarlu et al. (1995) re- 
ported H. obscurus from Orissa Coast. Das & Chandra 
(1994) reported one species of rare sea snake, M. can- 
toris from Andaman and Nicobar Islands. In a study on 
the Gulf of Mannar coast near Palk Strait, Lobo (2006) 
reported rare species such as H. viperinus, H. jerdoni and 
M. gracilis. Karthikeyan & Balasubramanian (2007) re- 
ported H. stricticollis, H. viperinus and M. gracilis from 
Chennai-Pondicherry-Cuddalore-Nagapattinam — coast. 
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Fig. 9. Microcephalophis cantoris (ZSI 18334). A. Entire. B. Head lateral. C. Head dorsal. D. Head ventral profiles. Photo: S. Mon- 
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Kannan & Rajagopalan (2008) reported H. jerdoni off 
Mangalore coast, in the Arabian Sea. Damotharan et al. 
(2010) reported M. gracilis from Parangipettai coast. 
They also reported a sea krait Laticauda colubrina from 
Parangipettai, whereas previous literature states it to be 
absent in mainland coast (Smith, 1943). Similarly, Dabhi 
et al. (2019) reported H. mamillaris from Gujarat coast, 
but the substantiations sadly fall short of normal stan- 
dards and it is treated doubtful at best. Put together, the 
above reports are the available works that recorded un- 
common, rare or little-known species of sea snakes in 
any part of the Indian coastlines. 

On the other hand, as previously stated, data on com- 
moner species come in frequently and in large quantities. 
As an example, we wish to highlight the fact that Wall 
(1918) expressly stated his collectors in Madras coast not 
to bring in any more H. schistosus specimens, as it got far 
more numerous than necessary. For one rare species, Hy- 
drophis (earlier Astrotia) stokesi (Gray, 1846), we could 
not locate even a single specimen in these museums. 
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Whitaker & Captain (2004) dealt with that species with a 
picture depicting an extralimital population, 1.e., from the 
Visayan sea, Philippines. Seen against that backdrop of 
Indian sea snake literature, this fresh set of descriptions 
of selected few rare species will facilitate their identifica- 
tion. It is hoped that this exercise of analyzing sea snake 
reports, identifying rarer sea snake species and specifi- 
cally focusing on such rare species whilst giving this 
treatment on historical material, will help boost knowl- 
edge base on Indian populations of these rare sea snakes. 
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Table 1. Morphological characters (measures in mm) of voucher specimens of rare sea snakes (Hydrophis, Microcephalophis) 


Sonia Mondal et al. 


housed at the ZSI Kolkata and BNHS collections. 


hata ctors Hydrophis Hydrophis Hydrophis Hydrophis Hydrophis Hydrophis Hydrophis Microcephalophis Microcephalophis 
jerdonii lapemoides mamillaris nigrocinctus Stricticollis viperinus obscurus gracilis cantoris 
temporal 1 or [2 242 243 bor lz 2 1 1 1 
supraocular 1 1 1 1 1 1 1 1 1 
preocular 1 1 1-2 1-2 1 1 1 1 1 
postocular 1 2-3 1-2 2 1-2 1-2 1 i ] 
supralabials : a is ls 
ont eye) 6 (3,4) 7-8 (3,4,5) 6-7 (3,4,5) 7 (4) 7(3,4) 7-8 (3,4,5) 6-7 (3,4) 6 (3,4) 6 (3,4) 
infralabials 
(touchchin 6-7(1-3) 8-9(1-3) 7-8(1-4) 7-8 (1-3) 9(1-3) 7-9(1-4) 6-8 (1-4) 7 (1-4) 7-8 (1-4) 
shields) 
SS 16-18 29-31 25-30 27-30 32-39 28-33. 19-23 19-20 23-25 
scalerows 
mg body 19-22 39-4] 33-45 36-42 44-46 41-48 26-32 27-38 30-37 
scalerows 
ventrals 214-258 310-345 260-350 300-332 378-451 225-266 264-363 228-285 383-430 
preanals SMe aU: enlarged small sheatly small sligatly small sheaty. small 
enlarged enlarged enlarged enlarged 
head length 12.1-24.1 20.3-23.8 12.8-17.4  12.9-27.3 19.3 13.8-25.1 9.1-16.1 10.1-16.8 10.4—21.7 
head width 4.9-10.7 7.0—12.0 5.47.1 43-123 B6 7.2-12.5 3.1-6.7 3.1-5.6 3.7-11.1 
head depth 4.0-7.6 8.3-8.7 4.2-6.8 4.0-8.8 Ted 4.6-9.3 2.5-6.4 3.4-5.3 3.1-10.2 
ete vent 375-958 643-863 355-743 460-1105 890-955 260-679 395-1245 525-809 495-1305 
tail length 50-110 68-88 35-80 53-135 90-130 38-83 43-140 50-85 55-120 
body bands 30-43 37-50 40-55 54-56 44-46 Absent 45-69 35-52 49-60 
tail bands 2-4 2-5 2-9 6-10 Absent Absent 2-9 Absent 2-8 
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Abstract. The water transport of sandgrouse (Pteroclidae) presents one of the most amazing behaviors in birds. The 
unique ability to absorb water by their abdominal feathers was disclaimed over decades but is described here for the first 
time. For a comprehensive picture of the morphological and physical parameters, we used different approaches in pte- 
rylography, functional morphology, biomechanics, new measurement techniques and calculations of wetting properties, 
absorption capacity tests and numerical simulations. We show that the ability of carrying large amounts of water is caused 
by different factors like: the distribution of feathers on the underside, a specialized feather margin, a well-directed hygro- 
scopic alteration of the microstructure, which is the first discovered in the animal kingdom and a unique hydrophilicity of 
the feather material. Determination of absorption capacities of feathers in sandgrouse and non-sandgrouse species clearly 
shows the effects of the different adaptations in feather structure. Numerical simulations determine the adhesive force of 
the feather microstructure of sandgrouse and show that minimal changes of the structure lead to a complete loss of the 
specialized properties. From this we conclude that the microstructure of sandgrouse feathers has evolved to absorb the 
largest possible volume of water with as little material as possible. Our results show that the water transport in sandgrouse 


is based on the interaction of many highly derived characteristics. 


Key words. Sandgrouse, Pterocles, biomechanics; contact angle; wettability; hygroscopic motion. 


INTRODUCTION 


Sandgrouse (Pteroclidae) mostly live in arid areas and 
feed nearly exclusively on dry seeds so in consequence 
they need to drink daily (MacLean 1983; de Juana 1997; 
Lloyd et al. 2000). Because sources of surface water are 
up to 80 kilometers away from the nesting sites (MacLean 
1968), the young depend on their parents for drinking (de 
Juana 1997). Therefore, the males of all sandgrouse spe- 
cies, except of the Tibetan Sandgrouse (Syrrhaptes tibet- 
anus), absorb water with their abdominal feathers (on av- 
erage 25 ml for males, less for females; Cade & MacLean 
1967) and fly to their young that drink out of the parents’ 
plumage (Cade & MacLean 1967; MacLean 1983; de 
Juana 1997). This behavior was disowned as a myth by 
ornithologists over decades in the twentieth century until 
Cade & MacLean (1967) firstly documented this behav- 
ior in the wild. The so-called belly-soaking of the Char- 
adriidae is similar to the water transport of sandgrouse. If 
temperatures are very high at their breeding sites, adult 
birds wet their belly feathers and then sit on the clutch or 
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nestlings (MacLean 1975). The behavior was interpret- 
ed as cooling the eggs, the nestlings and/or the breeding 
adult bird (Maclean 1975, Seymour & Ackerman 1980, 
Amat & Masero 2007, 2009). Sporadically this behavior 
also occurs in other bird families, e.g., in the Sternidae 
(Grant 1981), Rhynchopidae (Strong & Miyako 2004), 
Recurvirostridae (Goutner 1984) and Hirundinidae (Jack- 
son & Schardien 1981). Belly-soaking often only occurs 
during particularly hot periods (Begg & Maclean 1976). 
However, it has never been described that young birds in- 
gested water. In addition, the feather structures of plover 
species do not show any characteristics that indicate spe- 
cialization for water absorption (own data, unpublished). 
In sandgrouse the feather microstructure of specialized 
abdominal feathers changes by wetting. Rijke (1972) and 
Joubert & MacLean (1973) tried to explain this process 
by a molecular change of keratin but could not give a 
biomechanical explanation for the microstructural move- 
ment. Therefore, the explanation for the extraordinary 
wetting properties and the physical basis for the efficien- 
cy of water transport are still unknown. 
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We used different kinds of morphological, physical and 
numerical approaches to explore the water transport of 
sandgrouse. The pterylography of sandgrouses and some 
species of pigeons (Columbidae), their close relatives, 
was studied to clarify whether the distribution and ori- 
entation of the feathers is already specialized in water 
transport, which was not considered by former studies. 
We investigated the feather morphology of nine sand- 
grouse and four none-sandgrouse species macro- and 
microscopically. This enabled us to compare variations 
in feather structure within the Pteroclidae (including 
S. tibetanus) and to demonstrate differences to closely 
related land birds (Pigeons, sister taxon of the Pterocli- 
mesites [Sandgrouse & Mesites]; Sangster et al. 2022), 
unrelated land birds (Finches, Fringillidae) as well as 
bird taxa which always get in contact with water (Grebes, 
Podicepididae and Cormorants, Phalacrocoracidae). To 
describe the mechanism of water transport we examined 
the change in the internal structures of the feathers when 
they were wetted. 

The internal composition of the barbules was investi- 
gated by semi-thin sections, freeze fractures and scanning 
electron microscope (SEM) to understand the micro- 
structural movements. Furthermore, the biomechanical 
properties of different parts of the feather material were 
directly measured by atomic force microscopy under dry 
and wet conditions. The wetting properties of feathers 
were described by direct measurements of the material 
contact angle in sandgrouse and non-sandgrouse species. 
Calculations of the intrinsic contact angle were made (ac- 
cording to Cassie & Baxter 1944; Wenzel 1936) to ex- 
plain the different wetting properties adapted to the birds’ 
mode of life. We measured the different water absorp- 
tion capacities of complete and experimentally modified 
sandgrouse feathers as well as feathers from non-sand- 
grouse species according to Thomas & Robin (1977). 
This enabled us to compare the morphology and wetting 
properties with water intake and to test the hypothesis 
that water absorption of sandgrouse feathers follows the 
Michaelis-Menten saturation curve. To understand the 
intensity of the adhesive forces inside the sandgrouse 
microstructure when wetted, we generated numerical 
simulations with an original and a varied morphology 
and observed their ability to retain water droplets against 
gravity. For terminology of feather microstructure we re- 
fer to Sick (1937) and Dove (1997). 


MATERIALS AND METHODS 


(a) Pterylography 

Feathers were plucked on the ventral side of one dead 
specimens of Namaqua Sandgrouse (Prerocles nam- 
aqua), of several partial skins of Double-banded Sand- 
grouse (P. bicinctus) and of one Common Wood Pigeon 
(Columba palumbus) from the Zoological Collection of 
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the Department Animal Ecology (University of Bonn). 
The number of breast and belly feathers and their orienta- 
tion were recorded. Distributions of feather tracts (ptery- 
lae) were drawn. 


(b) Feather morphology 

Several breast feathers of males (in some species also of 
females) of nine sandgrouse species (P. namaqua, P. bi- 
cinctus, P. burchelli, P. exustus, P. guttularis, P. orienta- 
lis, P. quadricinctus, P. lichtensteinii, Syrrhaptes tibeta- 
nus) and other non-sandgrouse species [Common Wood 
Pigeon, Cormorant (Phalacrocorax carbo), Grosbeak 
(Coccothraustes coccothraustes), Little Grebe (Jachy- 
baptus ruficollis)| were photographed (Nikon D40x) and 
examined regarding their microstructure by stereomi- 
croscope (Zeiss Discovery V12 SteREO with AxioCam 
Icc 3). 

Several breast feathers of P. namaqua, P. bicinctus as 
well as of Common Wood Pigeon, Cormorant, Grosbeak 
and Little Grebe were scanned using a scanning elec- 
tron microscope (Hitachi S-2460N) at the Zoological 
Research Museum Alexander Koenig (Bonn). Measure- 
ments of the microstructures were made using ImageJ 
ver. 1.42. 

Feather samples of P exustus, P. guttularis, P. orien- 
talis, P. quadricinctus, P. lichtensteinii originated from 
the Bavarian State Collection of Zoology (Munich); 
P. burchelli, Syrrhaptes tibetanus from the Zoological 
Research Museum Alexander Koenig (Bonn); C. cocco- 
thraustes from the Institute of Zoology (Bonn); T. rufi- 
collis from the Dresden Zoo and Phalacrocorax carbo 
from the Department Animal Ecology (see above). 


(c) Changes in feather configuration by wetting and 
structure of the barbules 

Several breast feathers of P namaqua, P. bicinctus and 
comparison species (see above) were submerged in dis- 
tilled water and examined dry and wet by stereomicros- 
Copy. 

Semi-thin sections of sandgrouse barbules (P. na- 
maqua, P. bicinctus) were made by microtome cuts 
(Microm HM 360) after embedding in synthetic resin 
(Epon® 812-Ersatzprodukt). The sections were stained 
with methylene blue azure or toluidine blue fuchsine and 
were examined for their internal structure under micro- 
scope (Zeiss Axioskop with AxioCam MRc). 

For the freeze fracture process, wet breast feathers of 
P. namaqua were dipped into liquid nitrogen, crushed by 
a mortar and additionally well dried. Fractions at the bas- 
al part of the barbules were investigated by SEM (see 
above). 

Serval ultrasonic cleaned P. namaqua feathers were 
embedded in synthetic resin (Epoxydharz L, R&G Fa- 
serverbundwerkstoffe GmbH) and cut by microtome 
(Reichert OmU3 with a diamond knife) at an angle of 90° 
to the longitudinal axis of the barbules. The cross-section 
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surfaces of barbules were scanned by an atomic force mi- 
croscope (Dimension 3100, Digital Instruments) under 
dry and wet conditions at the Institute of Zoology (Bonn) 
according to Klocke & Schmitz (2012). 


(d) Wetting properties 

For the measurement of the material contact angle 0, 
6—8mm long tips of untreated apical barbs of P. bicinctus, 
Phalacrocorax carbo and C. coccothraustes were used. 
Additional samples of C. coccothraustes were dipped in 
acetone for a minute. Measurements of 8 were made by a 
tensiometer (DCAT 21, DataPhysics Instruments GmbH) 
at the Institute of Textile Technology and Process En- 
gineering (Denkendorf). Statistical analyses were made 
with OpenOffice Calc ver. 3.3. 

For the calculating of the intrinsic contact angle 0*, 
measurements of the feather vane microstructure of P. bi- 
cinctus, Phalacrocorax carbo, C. coccothraustes, Bull- 
finch (Pyrrhula pyrrhula), Common Swift (Apus apus), 
Cockatiel (Nymphicus hollandicus) were made by stereo 
microscope (see above) and ImageJ ver. 1.42. For mea- 
suring lengths on microstructure [2r = diameter of barbs; 
2d = distance between barbs, according to Rijke (1970); 
h = height of barbs (only in P. bicinctus)| see Fig. 1B. 
The formula established by Rijke (1970) [(r+d)/r] for 
the estimation of structural wetting properties of bird 
feathers was calculated for every taxon based on average 
measurements of several feathers per species. Surface 
roughness (r = proportion of real surface in contrast to 
geometrical projected surface) was calculated for P. bi- 
cinctus (without barbules) based on the specified mea- 
suring distances (see above). Calculations for the actual 
contact angle on feathers with heterogeneous wetting 
(Fig. 1A; Phalacrocorax carbo, C. coccothraustes, Pyr- 
rhula pyrrhula, Apus apus, Nymphicus hollandicus) were 
made by the formulas (a—c) of Cassie & Baxter (1944): 


a) cos 0* =f. cos 0-f, 
b) f£, = ((ar/(r+d)) (1-8*/180°) 
c) f, = I-r sin 0 ((r+d) 


Calculations of 0* for feathers with homogeneous wet- 
ting (Fig. 1B; P. bicinctus) were made by the formula (c) 
of Wenzel (1936): 


c) cos 0* =r’ cos 8 


Feather samples of Pyrrhula pyrrhula, Apus apus and 
Nymphicus hollandicus originated from the Institute of 
Zoology (Bonn). 


(e) Water absorption capacity 

Breast feathers of P. namaqua (natural), P. namaqua 
(with the feather margin removed), P. bicinctus, Com- 
mon Chaffinch (Fringilla coelebs), Domestic Canary 
(Serinus serinus forma domestica), House Sparrow 
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Fig. 1. Schematic cross section of wetted feather barbs (with- 
out barbules) with different wetting properties. A. Heteroge- 
neous wetting with air pillows between the barbs (according to 
Cassie & Baxter 1944). B. Homogeneous wetting (according 
to Wenzel 1936). Measurements of microstructures (2r, 2d, h) 
are indicated. 


(Passer domesticus), Yellowhammer (Emberiza citrinel- 
la), Pyrrhula pyrrhula, C. coccothraustes, Great Spotted 
Woodpecker (Dendrocopos major) and Nymphicus hol- 
landicus were used for the determination of absorption 
capacity over time (15 s, 30 s, 60 s, 120 s and 240 s in 
distilled water) according to Thomas & Robin (1977). In 
contrast to Thomas & Robin (1977) the feathers were re- 
placed on the water surface with the ventral side to get 
a more uniform wetting because of different curvature 
of the feathers. For weighing a micro scale (KERN AEJ 
220-4M) was used. Statistical analyses were made by 
OpenOffice Calc ver. 3.3. 

Feather samples of Fringilla coelebs, Serinus serinus 
forma domestica, Passer domesticus and Dendrocopus 
major originated from the Institute of Zoology (Bonn). 
Samples of Emberiza citrinella originated from the De- 
partment Animal Ecology (Bonn). 


(f) Numerical simulation 

For modelling the adhesive forces in the sandgrouse’s 
breast feathers, we built a computer model of the micro- 
structure geometry (barbs and barbules in wet orientation, 
Fig. 2A—C) on the basis of the morphological description 
(see below). Then a falling water drop (volume: 0.034 
mm?>; initial velocity of fall: 0.5 m/s; note that this initial 
velocity is below the terminal velocity of a water droplet 
with the same volume) was inserted for a three-dimen- 
sional flow simulation (Fig. 2E). Furthermore a modified 
geometry with 30% less barbules was created and test- 
ed in the same way (Fig. 2D). For performing the sim- 
ulation, we used the two-phase flow solver NaSt3DGPF 
(Croce et al. 2010). For the discretisation of the Navi- 
er-Stokes equations, NaSt3DGPF employs a high-order 
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Fig. 2. Simulation space (0.5 x 1.2 x 0.6 mm) with inserted geometries. A—C. Sandgrouse microstructure geometry. A. Lateral view. 
B. Ventral view. C. Dorsal view. D. Ventral view on the varied geometry contains 30% less barbules. E. Initial conditions of the 
three-dimensional flow simulation with inserted water droplet inside the sandgrouse’s microstructure geometry (lateral field of 


view). 


finite difference method on a staggered grid in space and 
a third-order Runge-Kutta method in time. The two fluid 
phases are distinguished with the levelset technique and 
surface tension is modeled with the Continuum Surface 
Force (CSF) method. The flow solver is parallelized with 
MPI and with Nvidia’s CUDA architecture to reduce 
computing time. The visualization was performed by 
ParaView ver. 3.1.4. We analyzed qualitative data such 
of droplet’s barycenter position, its initial velocity and 
gave a measurement for the droplets’ deformation in the 
two specified geometries over time. 


RESULTS 


(a) Pterylography 

The pterylography of P. namaqua and P. bicinctus differs 
from that of Columba palumbus in the distribution and 
in the form of feather tracts (Fig. 3A—B). On the ven- 
tral side, about 1100 feathers were counted in sandgrouse 
(16 cm head-torso length) and about 830 in C. palum- 
bus (22.8cm head-torso length). About 380 of the sand- 
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grouse’s feathers exhibit specialized characteristis for 
water transport. They are localized around the feather- 
less area in the middle of the breast and belly (Fig. 3A). 
Specialized feathers of sandgrouse are oriented in clearly 
demarcated rows towards the featherless region whereas 
pigeon feathers are relatively evenly distributed and usu- 
ally oriented caudally. 


(b) Feather morphology 

The breast feathers of sandgrouse (e.g., P. namaqua, 
Fig. 3C—D) differed from other body feathers by an 
elongated shape and by a distinct outer rim (unconnect- 
ed distal ends of the barbs). In S. tibetanus (Fig. 3E) the 
breast feathers exhibit a reduced pennaceous vane and a 
large indistinct outer rim. Back feathers from P. namaqua 
(Fig. 3F) and other sandgrouse-species show a broad uni- 
form vane and plumulaceous basis. Breast feathers of 
non-sandgrouse species show a large range of different 
morphologies (Fig. 4). Feathers of C. palumbus exhibit 
a large plumulaceous part and a relatively small penna- 
ceous vane whereby in many cases the pennaceous region 
is completely lost. In C. coccothraustes feathers a large 
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Fig. 3. A. Schematic pterylography of the breast and belly region of P. namaqua by means of follicle distributions. B. Schematic 
pterylography of the breast and belly region of C. palumbus by means of follicle distributions. A-B. Regions with follicles of 
specialized feathers for water transport are marked in yellow. C—F. Different body feathers of sandgrouse. C. Elongated breast 
feather of P. namaqua, dorsal view, with distinct outer rim. D. Elongated breast feather of P- namaqua, ventral view, with distinct 
outer rim. E. Dorsal view on breast feather of S. tibetanus with reduced pennaceous vane and indistinct outer rim. F. Back feather 
of P. namaqua with a uniform pennaceous vane and plumulaceous basis. G-J. SEM pictures of P. namaqua feather microstructure. 
G. Breast feather vane, dorsal view. H. Breast feather vane, ventral view. I. Loose barbs and elongated barbules of the outer rim 
of a breast feather, dorsal view. J. Microstructure of barbs and barbules (with and without barbicels) of a back feather vane, dorsal 
side. Scale bars: A-F = Icm. 
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Fig. 4. Breast feathers in dorsal view. A. C. palumbus. B. C. coc- 
cothraustes. C. P. carbo. D. T. ruficollis. Scale bar = 1 cm. 


plumulaceous part is present, too. P. carbo breast feathers 
show a continuous slender pennaceous vane with a broad 
outer rim. The feathers of T: ruficollis are very loose and 
show no connected vane. 

The microstructure of the pennaceous region of the 
breast feathers of male sandgrouse (as well as in the few 
examined females) differs from that of other birds. The 
inner part of the vane is built by homogenous barbules 
which are intertwined by a twisted basis (Fig. 3G). The 
number of whorls differs by species and range in males 
on average from one (S. tibetanus), two (P. quadricinctus, 
P. lichtensteinii, P. bicinctus), three (P. burchelli, P. exus- 
tus, P. guttularis, P. namaqua) up to five (P. orientalis). 
The barbules are elongated (1mm in length), exhibit no 
barbicels and protrude from the ventral side of the feather 
vane (Fig. 3H) at an angle of 20°. In contrast, the outer 
rim consists of loose barb ends with elongated and com- 
pletely straight barbules (Fig. 31). The microstructure 
of the sandgrouse’s back feathers exhibit barbules with 
and without barbicels which are interlocked (Fig. 3J) and 
resembles the normal structure of a pennaceous feather 
vane like breast feathers from C. palumbus or C. cocco- 
thraustes. P. carbo show a very fine-mesh inner vane of 
the same composition and a distinct outer rim with loose 
barbs and barbules. 7. ruficollis exhibits uniform bar- 
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bules without barbicels and a simple twisted basis which 
are not interlocked into each other. Feather microstruc- 
tures of comparison species are shown in Fig. 5. 


(c) Changes in feather configuration by wetting and 
structure of the barbules 

The wetting changed the configuration of the morphol- 
ogy of the sandgrouse feathers in all species. The outer 
rim of the vane turned down to the ventral side of the 
feather (Fig. 6A) and formed a tube around the absorbed 
water. Only in S. tibetanus this mechanism was incom- 
plete because of the broad and indistinct outer rim. The 
whorls at the basis of the barbules (Fig. 6B) unrolled by 
the contact with water (Fig. 6C) and changed the angle of 
the barbules to the feather vane on the ventral side from 
ca. 20° to ca. 90°. Both morphological changes from dry 
(Fig. 6D) to wet conditions (Fig. 6E) built a 3D-net of 
filamentous structures for storage of a large volume of 
water inside the feather structure. Both changes were 
completely reversible by drying. In C. palumbus, C. coc- 
cothraustes and P. carbo no morphological changes were 
observed in the feather structure by wetting. Barbules 
of T: ruficollis also unrolled their mono-twisted basis by 
contact with water but hardly changed their angle in rela- 
tion to the feather vane. 

The structure of the barbules (Fig. 6F) varied along 
their length. The medial and apical parts (Fig. 6G) 
showed a circular cross section with an outer layer and 
partly dark core coloration. The basal part of the barbules 
exhibited a crescent-shaped cross section (Fig. 6H) with 
an outer layer and two distinct inner layers with different 
structures. The keratin fibers of the layer of the concave 
side run in an angle of 90° to the fibers in the layer of 
the convex side. In SEM-pictures of freeze fractures from 
the basal part of barbules (Fig. 61) an outer layer is not 
visible. The surface of the concave side of the basal part 
of the barbules has a fine dashed structure (Fig. 61) in 
contrast to an amorphous shaped surface on that of the 
convex side (not shown). 

Atomic force microscopic scans of cross sections from 
the basal part of the barbules (Fig. 6J) show two distinct 
layers, one at the convex side and another at the concave 
side. The two layers differ in their surface structure. In 
dry condition, the surface of both layers shows only mi- 
nor differences in height of about 100nm (Fig. 6K—-L). 
In wet condition the surface of the convex side raises 
up to ca. 500nm above the surface of the concave side 
(Fig. 6M-N). 


(d) Wetting properties 

The average material contact angle @ of breast feathers 
of P. bicinctus 1s 83.6° (n= 13), of P. carbo 92.8° (n=14) 
and of untreated C. coccothraustes 96.5° (n= 14). C. coc- 
cothraustes feathers which were dipped in acetone show 
a material contact angle of 94.5° (n=17) (Fig. 7A). Ex- 
cept for the hydrophilic sandgrouse feathers (0 = below 
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Fig. 5. Breast feather microstructure (barbs and barbules) in dorsal view. A. C. palumbus. B. C. coccothraustes. C. P. carbo. D. 


T. ruficollis. 


90°), all material contact angles were hydrophobic (0 = 
over 90°). The contact angle of the sandgrouse differs 
significantly (two-tailed t-test, p < 0.05) from those of 
P. carbo and both C. coccothraustes samples. 

Structural parameters and calculated (r+d)/r values of 
sandgrouse and non-sandgrouse species are listed in Ta- 


ble 1. The surface roughness r’ of P. bicinctus breast feath- 
ers is 1.83 (706.650 um?= real surface; 385.650 um? = 
geometrical projected surface). Calculations based on the 
material contact angle 0 and on the structural parameters 
resulted in the intrinsic contact angle 0* for all species 
(Table 2). Except for the hydrophilic sandgrouse feathers 


Table 1. Structural parameters (n= 15) of breast feather microstructure parameters according to Rijke (1970). 


species 2r (in um) 2d (in um) (r+d)/r h 

P. carbo (inner vane) 37.4 238.1 74 

P. carbo (outer rim) 337) 357.3 la ls% 

C. coccothraustes 24.9 Zod le 

P. pyrrhula 21.4 240.8 232 

N. hollandicus 2393 231.8 11 

A. apus al Sia iB, Le, 

P. bicinctus 17.1 (n=8) 240 (n=10) 15 107 um (n= 13) 
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Table 2. Material 8 and intrinsic contact angle @* plus wetting properties of breast feathers according to calculations after Cassie & 


Baxter (1944) and Wenzel (1936). 


species material contact angle 0 


calculations according to 
Cassie & Baxter (1944) 


P. carbo (inner vane) D215 
P. carbo (outer rim) 92-3 
C. coccothraustes (natural) 96.5° 
C. coccothraustes (aceton) 94.5° 
calculations according to 

Wenzel (1936) 

P. bicinctus 83.6° 


(8* = below 90°), all intrinsic contact angles were hydro- 
phobic (0* = over 90°). 


(e) Water absorption capacity 

Sandgrouse feathers (P. namaqua, P. bicinctus) show 
their maximum water absorption capacity after 15 s. In 
contrast to the entire feathers, the water absorption of the 
P. namaqua feathers without an outer rim is reduced by 
about 30%. Feathers from non-sandgrouse species exhib- 
it a low and linear increase of water intake (Fig. 7B). 


(f) Numerical simulation 

In the simulations, the falling water droplet decelerated 
differently depending on geometry (Fig. 7C—D). In the 
sandgrouse geometry, the droplet’s fall ended after about 
1.1 ms. The droplet then deformed, due to surface ten- 
sion, into a spherical shape in an upward direction. The 
droplet in the varied geometry was falling for the full 
simulated time of 1.8ms. The water droplet in the sand- 
grouse geometry lost 0.2 mm in height until the sinking 
process was stopped. 


DISCUSSION 


It took a long time to clearly demonstrate water trans- 
port in sandgrouse for the first time and the underlying 
functional morphology also remained obscure for long. 
The latter could now be explained using new investiga- 
tion methods, in particular the atomic force microscope. 
However, only different methodological approaches to- 
gether will provide a complete picture of the water intake 
of sandgrouse. 

Our results showed that besides the feather structure 
the pterylography of the breast and belly may also 
have an influence on the total water holding capacity. In 
contrast to closely related pigeons, sandgrouse showed 
a higher number of feathers within the breast and belly 
parts which overlapped more and orientated towards the 
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intrinsic contact angle 0* wetting properties 


151° hydrophobic 
150.6° hydrophobic 
LS7-9F hydrophobic 
197.3% hydrophobic 
Ti Rim hydrophilic 


featherless region in the middle of the abdominal side to 
form a maximum volume of feathers in this body region. 
Nitzsch (1840) investigated the pterylography of sand- 
grouses and pigeons but found no relevant differences 
except for the parallel form of the ventral feather tracts in 
sandgrouse which we also found. 

Former investigations illustrated the specialized 
feather structure (Cade & MacLean 1967, Joubert & 
MacLean 1973) but did not mention the outer rim and 
its function in the feathers nor could they explain the 
movement of the barbules. In this work we were able to 
confirm that the outer rim plays an important role in the 
water holding capacity and that the movement of the mi- 
crostructure is based on a hydroscopic motion due to a 
different swelling of two inner keratin layers. Joubert & 
MacLean (1973) also supposed that water enters the ker- 
atin structure and changes the structural formation, but 
they could not explain the biomechanical process. Our 
result is the first evidence of a directed hydroscopic mo- 
tion for animals which is already well known for plants. 
In plants, the swelling and de-swelling of dead cells cre- 
ates a repeatable movement that usually serves to spread 
spores, pollen or seeds. Two differently arranged cell 
layers of a tissue, each with a given direction of expan- 
sion (swelling anisotropy), cause a curvature or torsion of 
the overall structure. Interestingly, the thread-like partial 
fruits of the heron’s bill (Erodium sp.) are very similar 
to the specialized barbules of sandgrouse in that they 
also have a basal spiralization, which unrolls completely 
when wetted (Sitte et al. 1998). 

The material contact angle is normally measured by 
an optical goniometer (Barthlott & Neinhuis 1997) but 
this is only possible on plane surfaces (Marmur 2006). 
For measuring the material contact angle of feathers a 
tensiometer was used for the first time which is an es- 
tablished method in textile research (Hofmann 2002). By 
using this technique, we could confirm that sandgrouse 
exhibit hydrophilic feathers in contrast to other birds (in- 
cluding the cormorant). The feather structure indicates 
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Fig. 6. A-E. Morphological changes in sandgrouse breast feathers. A. Outer rim of the vane turned down on the ventral side of the 
feather by wetting. B. Twisted basis of isolated barbule in dry conditions. C. Twisted basis of isolated barbule unrolled by contact 
with water. D. Idealized scheme of a feather in dry conditions. E. Idealized scheme of a feather in wet conditions. F—I. Internal 
composition of the barbules. F. Complete barbule with markings (red lines) of the cross section positions without scale. G. Light 
microscopic cross sections of the apical part of several barbules with distinct outer layers and partly dark core colorations (P. nam- 
aqua). H. Crescent-shaped cross section of the basal part of barbule with an outer layer (1) and two distinct inner layers (2=con- 
cave side; 3= convex side) with different fiber directions (P. bicinctus). I. SEM-picture of a freeze fracture of the basal part of the 
barbule without a visible outer layer and different surface structures of the breaking edges of the two inner layers. J-N. Atomic 
force microscope scans of the cross section of the basal part of a barbule (P. namaqua). J. Two-dimensional view on the surface 
structure in dry conditions with two distinct layers visible. White dashed square marks the area examined in K-N. K. Three-dimen- 
sional field of view of both layers when dry (three-dimensional view of the dashed field in J), with a corresponding height profile 
in L. M. Three-dimensional field of view of both layers when wet with a corresponding height profile in N. Line between the blue 
stars in K and M represents the respective path (through both layers) for the elevation profile in L and N. Scale bars: A = 0.5 cm; 
B-C = 200 um; F—G= 50 um; H = 20 50 um; J =2 um. 
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Fig. 7. A. Material contact angle of breast feathers from P. bicinctus, P. carbo and C. coccothraustes (natural condition and treated 
with acetone) measured by tensiometer. Two-tailed t-test * = p < 0.05, ** =p <0.01. B. Water absorption capacity during the first 
250 s of feathers from sandgrouse and non-sandgrouse species (n= 10 per species). In contrast to the linear water absorption of the 
non-sandgrouse species over the whole time the sandgrouse show their maximum water uptake already after 15 s. Water absorption 
of sandgrouse feathers without the outer rim was reduced by about 30%. C—D. Overlapped droplet positions (red = sandgrouse-ge- 
ometry, green=varied geometry) in lateral view of both numerical simulations at t = 1.2 ms (C) and t = 1.8 ms (D). Arrows in D 
indicate the direction of movement. While the droplet in the sandgrouse-geometry reached a steady state in the structure during the 
simulation time the droplet in the varied-geometry still fell downwards. 
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also a large (r+d)/r-value which suggests a poor water-re- 
pellent behavior, which is in contrast to non-sandgrouse 
species. The calculated intrinsic contact angles show so 
that the breast feathers of the sandgrouse differ from all 
others comparison species due to their hydrophilicity. 

The sandgrouse feathers reached their maximum wa- 
ter absorption already within the first 15s and fluctuated 
afterwards. This contrasts with the much lower and linear 
increase of water uptake in the non-sandgrouse species 
which show no adaptations for water transport (feather 
structure and contact angle). In contrast to Thomas & 
Robin (1977), who did not have enough data to evalu- 
ate their hypothesis, we now demonstrate that the sand- 
grouse feathers show no evidence for a Michaelis-Ment- 
en saturation curve. 

In the numerical simulation it could be shown that 
the microstructural parameters are optimized for water 
absorption. Already a minimal reduction of about 30% 
of the barbules in the digital geometry results in a strong 
reduction of the water retaining ability. 

We could also show that in the evolution of sandgrouse 
the pterylography, the macro-, micro- and internal struc- 
tures of the breast feathers as well as their wetting prop- 
erties are highly optimized for the water transport which 
could be thought of as autapomorphy of the family that 
got subsequently lost in S. tibetanus because of its moun- 
tainous lifestyle. The evolution of this highly complex 
mechanism should be further investigated as it 1s a recent 
example of a substantial functional change of a complex 
structure. 
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